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TO THE PROPRIETORS OP THE CITY OF DUBLIN 

STEAM-PACKET COMPANY. 



Gentlemen, 

The following treatise on the 
Combustion of Coal is the result of experiments un- 
dertaken with the view of advancing the general 
interests of your establishment, by removing the unr- 
certainties, correcting the errors, and inducing a 
greater economy in the important department of the 
Steam-vessel which relates to the use of Fuel. Should 
it be productive of any advantage to the City of 
Dublin Steam-packet Company, my satisfection will 
be complete. 



IV. 



I have taken the liberty of addressing this 
treatise to. you, Gentlemen, as a tribute of respect^ 

and .0 iiiki^^ent of the obligations I fee. 

.* ; .• 

for the confidifnce vdjl^taye so long reposed in my 

zeal and* fi^ftiqtu^iiyyoxii service. 



- • • W 



I have the hon&nr to be, 



Gentlemen, 



Your faithful and obedient Servant, 



C. ¥. WILLIAMS. 



Liyerpool, September 10th, 1040. 
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PREFACE. 



It may be asked, why I should have undertaken to write 
a treatise on a branch of chemistry ; or why suppose I could 
say any thing on the subject of combustion which had not 
been better said already by many competent chemical 
professors. 

The reply to the latter question must be sought in the 
following pages. My reply to the former is the following 
short statement of facts, which, I trust, will exonerate me 
from presumption, on the one hand, or any uncalled for 
interference, on the other. 

Being much interested in the improvement of steam-ves- 
sels, from my connexion with several steam navigation com- 
panies, and having had a longer and more extended experi- 
ence in the details of their building and equipping than, 
perhaps, any individual director of a steam company in the 
kingdom, my attention has been uninterruptedly given to 
the subject since the year 1823, when I first established a 
steam company, and undertook to have the first steam- vessel 
constructed capable of maintaining a commercial intercourse 
across the Irish Channel, during the winter months ; and 
which, till then, had been considered impracticable. 

Since that time to the present, my object has been the 
imparting, through the instrumentality of the most experi- 
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tiwii\ Blitp-builiU'i^ iin<l Kt('ttiti-i.'ii^iiiL- niAnufactitrera. < 
greatcHt prnctieablu (lo;^ee oi {lerfection Mid uflicieacT 
every part of the Imlls and iiiiKhiiierj' of steam -re^tseU. 

With roepoct to the improvctl atnte to vrbicb the AaBtil 
atoam-voBsi-la have bt-eri hrought, I refer to tlio papen 
detailed spocificatioii for the hnildin^ of the last of ti 
bclonjring to the City of Dublin Stoam Company, as furnisU 
by tnyHolf ami Mr. J. G. Shaw, thv Marine Manager of tint 
Company, to the Commissioners of Steam -vessels Iiujuiiy, 
JoRiuli f'arkes, Esip, Civil-engineer, and Captain Prin^ 
and printed in the Apj)ea(li.\ to their Report. 

For a practienl illutttration of the perfection to which bolb 
hulh and machinery have tx^un brought, I refer to the stoam- 
ihip "Oriental," one of thoHe now under contraot with ber 
Majesty 'b Government for conveying tlie Eaat India niaili 
between Ureal Britain and Alexandria.* 

The result of this long e.xjierience is the finding, tliat, not- 
withstanding the improvL>d state to which the couatructiaa 
and appointments of the Inill and general machinery d 
ateam-veBselu have arrived, great nneertainty and risk of 
failure still prevail in the department of the (loiler, and alt 
that ItulongB to the me offml uuJ f}ie geiisratioH ofaeam. 

Much, certainly, has been done towards imparting 
strength to the boiler and lessoning the rittk of exploBkn. 
The most experienced engineent are, however, still unable 
to decide, previously to trial, either as to the quantity of fuel 
tliat will be consumed or of steam generate<l, 

[t is true, the engineer, who undertakes the conHtruotioB' 
of the engines, also undertakes that tlio boilers shall provide 
$ sufficiency of eteam to work them ; but what that euffi- 
cimcy means, has not been decided ; and, in too many in- 
stances, the absence of some fixed data on the subject has 



led to coiu^jlaiiiUi ami refurtnctjs, wbk-li, tliou^'li lliey niuy 
end the diaputea between tlie owners and uiaktiis uf tbe 
engines, leave the evils of a deficiency of steam or a great 
expenditure of fuel unabated. 

If there happen to be '■'■gteaia enmtph" the engineer's 
triumph ia complete ; altboagh it is seldom that an account 
is taken of the quantity of fuel consumed, or whether it be 
attended with economy or waste. If with economy, the merit 
of the engineer is enhanced ; but, if with waste, the auffinrerB, 
having no redress, keep their grievances to themeelves, and 
the leger account of f«el consumed is tbe only index to the 
cause of that absence of profit which is the uaun) result. 

So long as this uncertainty prevailed, and the consequences 
of failure were mo serious, steam-ship owners were naturally 
cautious in interfering ; although it waa manitcRt, from the 
constant changes in the proportions and other details 
in the construction of their boilers, that the engineers 
themselves were without any fixed principles to guide 
them. So long as the openitJona of steam-veesels wero 
confined to coasting or short voyages, the eonserjuenceB 
of these defects in boilers, as regards tbe quantity of fuci, 
was a mere question of pounds, shillings, and pence. \Vben, 
however, those operations cam© to be extended to long-sea 
voyages, these consequences took a more comprehensive 
range, and involved tile more important question of whether 
such voyages were practicable or otherwise. 

Under the conviction of the danger of taking responsi- 
bility from the engineer, althongh aJive to the prevailing 
uncertainty and risk, 1 felt, in common with other directors 
of steam companies, an unwillingaesa to interfere. From 
being so deeply interested in the improvement of this de- 
pai^ient of steam navigation, I have watched, with no 
small anxiety, the efforts of the engineers to arrive at some 
degree of ccrtaintj- in what was admitted, on all bauds, to 
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be tho must Merii>UH <lmwl>iu-l< to the »)■)■) iration ctf « 
vchm-Ib to loiig-BOft vovagfa. I pt-rceiveil tht* nl>8eiice of «bt 
intelligible or weil-fuiiiided principle in the cunKtrui>tioii 4 
the Iwiler ; — that the jort on which moat (legwnded app«anj 
least understood, and least attended to, nuincly, tho^/itraoM.' 
and that thJH watt too often lefl to the skill (or w&ntof it)<{'' 
working boiler-makers or brieklayera.* I saw that, altbcra^ 
tho great operations of combustion which are carried on in 
the furnace, with all that belongs to the introduction a 
eniplo<rment of atmos]>lieric air, were among tho mtwt diSt 
cult procoasex within the range of chemiatr}-, the absence 
.of sound scientific principles atill continued to prevail ; yet 
on these depend the extent or perfection of the comhnatioa 
in oiir furnaces. 

Years were still passing away, and, while every other 
department was faat approaching to perfection, all that bfr 
longed to the combustion of fuel — the production oFamok^- 
and the wear and tear of the fnrnnee part of tho boiler, r 
tnained in the same statu quo of uncertainty and insufficiency; 
and, although the recourse to new plans and now smoke- 
buming expedients continued, and every year brought fort1i> 
a new batch of infallible remedies for "consuming smoke? 
and economizing fuel," suooosa and certainty seemed ; 
unattainable as ever, although there appeared such an abuiH 
dance of labourers in the field of speculation and invention. 

In fact, things seemed almost retrograding into greater 
doubt and want of system, rather than advancing to perfec- 
tion, or even keeping pace with the improvements of thai 
hulls and engines ; and many of the furnaces, both of marins 
and land boilers, constructed within the last few years, withi 

* la > late trentlae oa " Steam BafleTB," tbe nathor uotiiallf speaks of chomlatrj 
■aa Its coTuieiiou with the subject with a de^reo of ooatempt which la, to aa; tha 
le:LBt, dlsoreditabls to this nge of mecli]Uiiua' inatitations ; andgi'ea npierenmoe. 
with DO small dogree of triumph uid aolf-conipliiceiicy, to the wurkioH brlckUrer, 
ntber than to tbe " tbeorie«~ of Dat; or Dalton. 



their arrangemeota foi' eft'ectiiig a perfect or economicfti use 
of fuel, exhibit greater violations of chemical truths ; and a 
greater departure from the principles on which nature pro- 
ceeds, than any preceding ones which have come under my 
observation. 

With respect to the all-important consi derations, tha 
quantity of fuel required, or the most judicious mode of 
effecting its combustion, the problem, — whether the boiler 
(for the furnace is never spoken of apart from the boiler) 
would generate more or less steam ; produce more or less 
Bmoke; or consume more or less fuel, — still remained 
to be decided by the argummtam ad rem. alone, — experi- 
ment ; and, if unsuccessful, the evil would be irreme- 
diable, and the owners doomed to oat the bread of disap- 
pointment, if not of loss. The result of a boiler, on 
being tried, turning up a trump, and giving "plenty of 
ateam,"" with a small consumption of fuel, was, indeed, 
tantamount to a profitable employment of the vessel, 
while the reverse was inevitably attended with a succession 
of alterations, and, moat likely, of loss to the speculation. 

Practically speaking, then, the managers of steam com- 
panies ask. " Where are we to begin ? where look for a 
remedy for these too often overwhelming evils? Are we 
to remain in doubt for ever ? ' What 's to be done ? for some- 
thing must be done.' " The interests of steam companies 
and steam-engine manufacturers are alike concerned in the 
inquiry, while the profit, if not the practicability, of effect- 
ing long-aea voyages is actually dependant on this very 
point, the economizing fuel by effecting its more perfect 
combustion. 

These were the considerations which operated with me 
when adding my mite to the inquiry, an inquiry which, it 
is manifest, will not be originated by the " working boiler- 
maker or bricklayer" ; and, if I have not perfected the 




I 



■yatent which so lou>lly calU (tyr iiiiproveraenl, I hafft 
leiiat, diroctol the iiiijuircr into tbu right roml. 

(Jn my own part, the reluctance to interfere nnd share iW 
risk of fftilnre wm put an end to by an imperious nei^tribf. \ 
was brought to the conL-lusion, that, to rcni;iin any 
mete spectator of those abortive oifurts towartla improve- 
rnent. and, in all coi^os, to wait the result of trial, before il 
could be ascertained whether a new boiler w.-ls to turn ^ 
good or bad, wasteful or ocuuoniie, was inoouaiHtont, if Dot 
with the pro>,'reiia of Htuiiui navigation, at least with tlu 
vital intereata of those for wlioni 1 wan acting. 

This ultima ratio tor interference, ntensiity, beeftiue . 
nioro urgent, since lung-Hen. voyages have been contemplated. 
The deton II i nation tu ex.tinine fur iiiyeelf and exercise ny 
own judgment was t'oroed ujion ine by the failure of tlu 
steam-ship the "Liverpool," on her first voyage to N»» 
York." I saw, th.it the owners and managers of 
companies could bo in no worse position (an to risk «' 
responsibility, touching the boiler ilepartmout) from 
interference, than that in which tliey were placed under thi 
circumstances of non-interference. 



• Tbn ewoTB of the BBgineorn url 
TOJ»*ooIthe"LiTerpoul."HoteBnoiiei 
MBiine Mjmager ot Cbe Dublin Stuua Ct 
Will abuw, that vliatuter laturfersnoe 
»UDd Judpneut uid expeiisoco, 
the orlginitl eiTorB 



ilhi-FH, Hliicb toil to tha ntlli 
Illy and uuwurtliily attiibnted to Mr. BiBW, 
ompany. The ctetnlbi hcreaftor to be gfTra 
Mk plnco oa Iifs port vrni diat*t»d Bf 
IfiOdeil lo nihim. It they sunld not 
of the furoocea and builer-d. Tba 
DB iwimeetad with this tenntl rnmlsh an additional motli 
tbu part ot Dbe inanagen and dJJriicton ot steani oompnnloa ; lot lure we Il4*e i 
proctiool llluatratlon at the hot, that, nnt only may the Dnnoni nf uteam.Teiwb 
be dootnad to auBbr, In a pwaniary polat of riaw, the consefiHences nf tho eiTom it 
■ngliiDera, bnt. possibly, bo subjefltod to censure and even calumny, trmu the bSM 
ot otben to throw the onus of public dliappuiatiaiait from tlkolr own shonlden. 

I lannoC allow this opportunity to pass without noticing the unwearied ofToTtt 
towards off^ting ImproTOmenl:, and tite Imowlcdge of all' the detaUa of lihe Itenn- 
vassel and iti macbiogry, whloh hnre, during ftltoen yenrs. been bmught to ban oa 
tbia ffuhject by Mr. Sluiw. with whom much of those [letulls of pruotlcal impmre- 
meBt origiTated, wd wlUcIi ore sow exhibited M.the " OrleatuF," steom-Blilp. 



In tito proper place i will show, that, oi' late yeara, as 
much uncertainty as to the sueeesB of a uew boiler haa pre- 
vailed aa when I ftr^t began operations eighteen years ago ; 
and that few boiiera, for land, as well as marine engines, 
even from well-established houses, exhibit more in the way 
of effecting perfect combustion of the fuel than those of any 
former period since the days of Watt, 

Among the proofs of this stationary or retrograding sys- 
tem I shall adduce the boilers originally placed in the 
" Liverpool." I shall give the details of those boilers, and the 
several efforts, on the part of the engineers, to remedy what 
I will show where inherent defects, and instances of 
contempt for those chemical principles on which combus- 
tion and the right use of fuel alone depend. I shall show, 
that the cause of that wasteful expenditure of coals which 
marked the first voyage of the " Liverpool " was induced 
by the original mat-const ruction of the boilers, with their 
twenty furnaces ; — by the injudicious mode of placing them 
in the vesac^l ; — and the facility thus afforded to mismanage- 
ment in their working ; aud that this latter, combined with 
the absence of sound judgment, in this instance, on the 
part of those in conunand, and an unnecessary and wasteful 
expenditure of fuel, at the time when common sense would 
have suggested its being economized and reserved, were the 
direct causes of the failure which attended t)io first attempt 
of that vessel to cross the Atlantic. I will, from those facts, 
show, that, however well-judged and considerate may bo 
the plans of the directors of steam companies; however 
spirited may be their oftbrts to have every thing as per- 
fect and efficient as money or determination can make it ; 
still the comparative efficiency of a steam-vossol — the sa- 
tisfaction and patronage of the public — and the general suc- 
cess of the speculation will mainly depend on the manner in 
which tlic engineer performs his part. 
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Whether the following pages may succeed in leading to a 
diminution of those evils which accompany the use of coal in 
our furnaces, remains to be proved. They will, at least, 
give a different, and, I trust, a more practical and useful, 
direction to the inquiries of other labourers in the same 
vineyard. 

I conclude these prefatory observations with the unequi- 
vocal assertion, that, if we study the chemical principles on 
which combustion is effected, and which I have endeavoured 
to explain, and if we apply those principles to practice in 
the manner I have pointed out, we shall not only be enabled 
effectually to banish smoke, with its numerous and accom- 
panying inconveniences, from our towns and manufactories, 
but, at the same time, considerably increase the effective 
power of our furnaces, and thus add economy to comfort. 

With this remark I submit the following pages to the 
notice of all who are interested in the subject. 



INTEODnCTION. 



"Ths economy of fuel is the secret of the economy of the 
Steam-engine : it is the fountain of its power and the mes- 
BUre of its effects. ^Vhatever, therefore, conduces to increase 
iKe-efficacy ofeoal and to diminish the cost of Us use, directly 
tends to augment the value of the Steam-engine and to en- 
large the field of its operations." 

In these words Mr, Joeiah Parkes introduces a valuable 
ooRimunication to the lustltution of Civil Engineers, on "The 
Evaporation of Water from Steam-boilers," and I cannot find 
a more appropriate introduction to the present tract. Be- 
lieving, also, with Mr. Parkes, that " we are yot far from 
having obtained either a complete knowledge of tlie most 
profitable manner of sitbrnitting coal to t/ie process of combus- 
tion, or applying the caloric so obtained to the generation of 
steam," I submit the following pages to the consideration of 
the public, and, eapecially, to mechanical engineers, as a step 
towards obtaining that desired knowledge. 

Mr. Parkes, in his several communications, has investi 
gated and compared, with a masterly hand, the peculiar pro- 
perties of the several classes of boilers; as exemplified in 
practice, and their respective merits as evaporative veBsela, 
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with Uie persptcnoiu and comprohensive 
ided to them, throw much Ught on this departmentfl 
the producticpQ and appIic&tioD of steam power. Oneni 
portant branch d the subject remains to be inquired u 
nnmely, the operations carried on in that ^;reat alembic, ■ 
/amaee — chemically considered, aii<l the adapting its a 
ments so as to give full practical oHect to the seven] | 
cesses which conatitate combu§tion. 

Taking thc«e in their proper order, in treating on S14 
and the Steam-engine, the subject divides itaelf into the I 
lowing heads : — First, the niauagement of /imI in I 
generation of hfat ; secondly, the management of KetU in I 
generation of gteam ; thirdly, the management of ttMmt 
the generation of power. The firat is in tlie department rf 1 
the/umace, the second of the boiler, the third of the fngim. 

The object of the present tract is the examination of the 
Tarioua circumstances connected with the generation of hsit 
from fuel ; in a word, all that pertains to the first of theif . 
heads, the furnace ; the two others having already for 
the subject of many able inquiries, by prautical and soiei 
men. That which belongs to the construction of the « 
and the endless varieties of boilers, belongs to the e 
departments of niochanical engineering : that which held 
to the constniction of \.\ia fumaces, in aid of the combii| 
of fuel and the generation of heat, is strictly and oxol 
within the department of chemistry. 

That this branch of the subject has been so much negl 
ed is, in a great degree, owing to its having been confon 
with tho boiler, by which it fell into the department of d 
mechanical engineer, who was not likely to have studied t 
oomphcated chemical details which relate to combuHtioD.. J 

One object contemplated in the following pages is, to d 
connect this division of tho subject from that branch j 
manufacture — boiler maiinp, with which it has too l^ 



11 



been associated : and either take it out of the h.-inds of the 
mechanical engineer, or, what I hope to be able to effect, 
convey to that class of, manufacturers a sufficient acquaintr 
ance with tire chemistry of the subject as will qualify them 
for judging of what is right or wrong in the management of 
fliel. 

That the subject under consideration is strictly chemieai 
will bo acknowledged when we look into its details, were 
any further proof necessary beyond the fact, that to the 
investigation of the mysterious process we call con^ustloa 
were tbe groat talents and energies of that illustrious man. 
Sir Humphry Davy, long and anxiously directed ; that to 
his labours and discoveries in this branch of chemical science 
much of his fame is attributable ; and that, to this day, his 
opinions are received as the highest authority by the whole 
scientific world. 

The subject before us involves a consideration of the 
nature and properties of tbe various kinds of fuel. It 
examines the chemical action of their several constituents 
on eafih other : it seeks to apply those inquiries to the class 
of chemical results which may be useful, and to avoid those 
which are mischievous : it investigates a very difficult 
branch of chemistry — that of gaseous formations, and their 
numerous and complex properties, combinations, and 
equivalents. 

It involves, also, in an especial degree, the closest obser- 
vation on the separate influence which each of the consti- 
tuents of atmospheric air exercises on combustible bodies in 
the generation of those extraordinary elements of nature, 
heat and lioht ; and, finally, it investigates the cause and 
character of fiame and smoke^ and the influence these have 
on the former. The combustion of bituminous coal, in fact, 
involves a greater number of distinct natural phenomena 
and chemical results than almost any one process in the 
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l-wbole rauge of philosopliical mquii7> A knowledgu of thB 
I tesulta, at least a correct obsorvaUOQ of the modita oj 
I'by which nature prococda, as for as practice demands, n, 
Ijihco, ail esaential in^ejient in iw iD([uiry afitvr the best mnli 
of carrying out the o))oratioiis of the furnace aud the ktpi 
It is not to bo expected, tbat our firemen are to be 

Icliemiets, or our Duginconi philosophers; but it ia to be 
expected, in tliia age uf rational research and inductin 
reasoning, tbat wo ahould avoid manifest and unsctoDti& 
blunders in our cvery-day inanipulatione. And when ve 
look to the inHiiential part which coals and otlier 
tibles are destined to perfonu, we have no ordinary stimnlv 
yi searching out the right path in practice. 
t 
do 
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When we speak of burning coals under a boiler, tb 
phrase conveys but an imperfect idea of what that opention 
and, in a scientific point of view, a very inaccurate and 
glovenly one. The combustion of coiJs uniler a boiler maf 
take place to a large extent, and yet a very low calonSs 
eH'ect be obtained, and the water evaporated thereby, thit 
ia, the amount of duty performed, or effect produced, may be 
much below what is rightly duo to the quantity of ftti 
employed. Now, thii^ I take to be the case, to a gNUt 
extent, in the fumnecB of all boilers, especially in mariai 
hoilerg, and even in those connected with the justly 
brated CoriiiBh engines. The extraordinary duty obtaiaed 
from coal in Cornwall appears due to the excellent plan 
arrangements of the boilers, particularly as to dimeimam, M 
Mr. Parkea has satisfactorily shown ; and also to the systeia 
of using steam expansivdi/, in their engines, in a pecnihaz 
manner, and to a greater extent, than in any other part of 
the kingdom, rather than to any improvement in the mode 
of effecting the combustion of the fuel. Indeed, it would 
appear, that the couBtructton and arrangements of the 
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Goniwall are as defiuieiTt and unaouiid in 
prineiple aa those adopted elsewliere. 

In the following trcatbe I do not undertake to show how 
tha smole from coals can be burmd ; but I do undertake 
to show how coals may he hurtled idthoui tmoke i and this 
distinction involves the main question of economy of fuel. 

When amoke is once produced in a furnace or flue, I 
believe it to be as difficult or imposeible to bum it, so as to 
convert it to heating pui'poses, as it would be to convert the 
smoke issuing from the fktnie of a candle to the purposes of 
light ; and this assertion I make in the face of so many 
patents, from so many ingenious men. If, indeed, we 
could collect the smoke and unburnt gases of a furnace in a 
separate vessel, they might, subsequently, be made instru- 
mental to the purposes of light aud heat ; but that is im- 
possible. 

When we see smoke issuing from the flame of an ill- 
adjusted common lamp, vre ako find the flamo itself dull 
and murky, and the heat and light diminished in quantity. 
Do we then attempt to burn tftat smols ? No ; it would be 
impossible. Again, when we see a well-adjusted Argand 
lamp bum icithowt producing any snwie, we also sco the 
Same white and clear, and the quantity of heat and light 
increased. In this case, do we say the lamp hums its gmohe ? 
No ; we say the lamp burns witltout snwke. This is tlie fact, 
and it remains to be shown why the same language may not 
be applied to the combustion of the same coal and the same 
gas, in the_/Mnja(«, as in the lamp. Our object, then, should 
bfl to draw the same distinction and effect the same practical 
difference between our furnaces aa they ouijTd to he, and (w 
tlisy are, which wo see between the Argand lamp and the 
common one. This treatise will, I trust, sufficiently show 
how this may be effected, and, by correcting the imperfec- 
twns of the old plan, lead us to another and a better one. 



It may bo asked, how it hati haj)i>«ne<l. tliat, hitherto, tfa 
has not been effected ! I answer, because the chemittTy 
comboation has been neglected — not in the laboratory^ but i 
practice ; and because the construction of our furu»ces bi 
been too much left to thoss who know little of tlie chemical 
properties of the materials which are consumed iu them, 
this day, the construction and arrangement of the iaraaemi 
in our manufactories, and under the boilers of the 
engines, arc in the humle of bricklayers, boiler-makers, ud 
other individuals— talented in their respective department^ 
but who should not be ex]>BCtod to bo acquaiiited with 
details of another department so different as that of chemiK 
try ; and whose habits and business cannot liavo led them to 
investigate or study cliomical agencies and prooeaaee; yA 
on these agencies is the whole question of the efficacy of a 
furnace dependant. 

Are, then, our bricklayers or boiler-makers to 
choQiiBtB ! No. But those who direct — those who 
the charge of teaching them to construct the numenxw 
descriptions of furnaces with which this couutry aboandsr> 
should be masters of the leading principles on which theif 
art is based and tlie success of their operation depends ; siid)> 
I may add, in which the interest of their employers 
much concerned. 

Besides, the required information, as 1 shall be able ta^ 
show, is not so extensive as to be inconsistent with thBir^ 
other avocations ; and I venture to say, if they study tbfl' 
facts and principles stated oven in this treatise, their eyes 
will, at least, be opened to the folly of many of 
" smoke^mmff" expedients which, of late years, haw 
incumbered the patent hst, and induce them to admit)' 
that the lights of chemistry alone can guide them safelfl 
iu those departments of the arte in which combustioB' 
forms a part. 
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And if we only observe what progress has been made in 
many of the arts and proceases around ua ;— for instance, in 
the art of dying ; in the manufacture of the acids and alka- 
lies ; even in aoap and candle making ; and, above all, in 
the arts of gas making and gas burning : and all by the aid 
of chemistry ; — it may be asked, why not avail ourselves of 
this aid in extracting heat, as well as light, from coal i and 
in the combustion of gas in oar /imaais as well as our lamptf 
Unfortunately, bo many of our ingenious men have got on a 
wrong track, as I shail show in the course of these observa- 
tions, that the current of invention has lately run even 
counter to the laws of chemistry and to the works 
of those able men who should havo been their only 
instructors. 

In undertaking, myself, to lead others and to avoid the 
imputation of presumption, I observe, in Umi'M^ that I do 
not affect to give any new view of the nature of combustion, 
much leas do I make any claim to discoverj. ^Vhat 1 take 
credit for is, the practical application, on the larga scale of 
tie furnace, of those chemical truths which are taught by 
the ablest chemists of the day and so well known in every 
laloratory. I also take credit for bringing together the 
detailed and scattered facts and illustrations of such autho- 
rities as bear on the subject before us, and of so arranging 
and applying them, (with such additional illustrations aa 
appeared to me conducive to the object in view,) as will. I 
trust, enable practical men, without going deeper into the 
Bcienco than is compatible with their time and other avcoa- 
tions, to understand the part which chemistry has to act in 
the construction, arrangements, and working of our fumacea. 
By this means only will they be enabled to neutralize that 
opposition and counteraction which ignorance and prejudice 
are so apt to give to the suggestions of science. This dispo- 
to counteract our eflbrts we may deplore, hut cannot 
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prevent. All practical men acknowledge it to be a main 
ingredient in retarding the onward march of improvement, 
though to a less extent, certainly, in our days than formerly; 
and it is, therefore, the more important, that mechanical 
engineers, in whose department these matters principally 
lie, should see the reason and understand the principles on 
which so much of their success depends. 



SECTION I. 



OF THE CONSTITUENTS OF COAL, 



AND THE 



GENERATION OF COAL GAS. 



In a treatise, purporting to describe the means of obtain- 
ing the largest quantity of heat from coal, the first step 
naturally should be an inquiry into the several varieties of 
that combustible and its respective constituents, for the 
purpose of ascertaining the inherent power of each for giving 
out heat. However interesting and useful such an inquiry 
would be, it is not essential to that practical view of the 
subject to which I would confine these observations ; and, 
as it would lead too much into detail, I merely give the 
following outline, which will be sufficient for our present 
purpose. 

The classification of the various kinds of coal and their 
respective volatile products, coke, and ashes, according to 
Dr. Thomson, are as follows : 

Weight of WmU of IncombtutibU 
1,000 parti of volatile product. Voke, Ashes, 

Caking Coal gives... 226 774 16 

Splint Coal 362 647 96 

Cherry Coal 447 622 100 

CannelCoal 600 400 110 

^ c *' 
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More in detail, these varieties are compoeed of 

CitklityCoal SjiliiUCoiMl. Cherry Coal C'ommIC'mL 

Tarboii ... 76.28 7S'0O 74-45 ^i'li 

Ilvdrogen 4-18 0-26 12-40 21-M 

Nitrogen.. 15'JG C-25 10-22 13-72 

Oxygen... 4-58 12*5« 2-!l3 Qrm 

100-00 100-00 100-00 lOOiN) 

Dr. Ure^s analysis, which is considered more correct, ii 

as follows : 

Canufl CoaL SfiitU Coal. 

Carbon 72-22 70-00 

Hydrogen 303 4*30 

Nitrogen 2-80 

Oxygen 



0-00 

21-U5 24*80 



100-00 100-00 

From the details of an elaborate and apparently accurate' 
analysis, made by Mr. Thomas Kichardson, with the aid 
of Professor Leibi^',* I extract the following ; and which, 
it will be seen, varies essentially from the preceding : 

TABLE L 



H]>uciv8 of 
Coal. 



Splint . 
Connel. 

Cherry 
(( 

Caking 



Ix)cnlity. 


CarlMin. 


Wylam 


74-823 


Glasgow 


82-024 


Lancashire... 


83-7r»3 


Edinburgh ... 
NowcaHtlo ... 


87 607 


84-846 


Glasgow 


81*204 


Newcastle ... 


87-952 


Durham 


83-274 



Asoto and~ 
Hyflroffoa. , Oxygon. 



8180 


5-085 


13-91S 


5-401 


10-467 


1-128 


5-G(;0 


8*030 


2-548 


6-406 


12-432 


14-666 


5-048 


8-430 


1-676 


5-452 


11-023 


1-421 


5-230 


5-416 


1-303 


5171 


0-036 


2-519 



TABLE II. 



HpccieB of Coal 



Splint . 

Cannel. 
<( 

Cherry. 
« 

Caking. 



! Quantity of^ 
I Oxygon ncccB- 
,Hary to the per- 
tfect combustion 



Rclatire quan- 
tity of Heat 



Relatire aiua< 



tity of Heat 



^l 



T.n.n.nf V "Si iw. Z^i nf K^vcd out by the.giTei oat bj tbt 



coal, subtract 



Coal. 



I Coal. 



Wylam ... 
Glasgow ... 
Lancashire 
Edinburgh 
Newcastle 
Glasgow ... 
Newcastle 
Edinburgh 



2401 
250-5 
256-4 
217-6 
253-9 
2440 

266-7 
250-2 



Coal. 
Edinboro lOOiW 



110-34 
11512 
117-83 
100 00 
116-68 
11212 
122-56 
114-98 



108-09 

114-15 

117-91 

100-00 

112-07 

107-78 
119-03 

111-31 



* The analysis is given in detail, in a late number of the Mining Review. 



19 

^' The first table requires no explanation. The second table 
contains, in the first colunm, that quantity of oxygen which 
100 parts of the different coals abstract from the air for per- 
-feci combustion. This quantity of oxygen expresses the 
jrelative heating power of the different coals, in admitting, 
-that the quantity of heat evolved by a combustible sub- 
stance is proportional to the quantify of oxygen which is con- 
sumed in its perfect combustion. This relation, according to 
Tveight and volume, is given in the second and third 
columns. For example, 100 volumes being taken, the 
Lancashire coal gives out more heat than the same volume 
of Edinburgh coal by a quantity expressed by 17*91 ; and 
100 parts by weight being taken, the former coal surpasses 
the latter in the heat evolved by the quantity expresse(^ 
by 17-83.'' 

I will not here offer any opinion on the above details, as, 
in the course of these observations, I shall have occasion to 
examine the influence which the relative proportions of the 
volatile and fixed constituents of coal have in the generation 
of heat. I have given the table of results, that we may 
have before us the leading characteristics of coal and their 
carbonaceous and bituminous constituents, as ascertained by 
the latest experiments. 

Mr. Josiah Parkes justly observes, in his first paper on 
boilers, " Experiments are wanting on the relative heating 
powers of coal and coJce^ And again, " We have every 
element for the purpose of investigation and comparison 
excepting one, viz. the relative strength of the coals em- 
ployed."*' By this is meant the quantity of effective^ avail- 
ahU heat which the several descriptions of coals are capable 
of supplying, supposing such quantities of heat, respectively, 
to be the maximum result of complete combustion. Now, 
the only available test of the " strength of coaV is the weight 
of water evaporated by any given weight of it. To measure 



the atre&gtb oT ooal, hawev«r, bf lliu sUuidmK) mnst bail 
GUUoioiu. aod. at least, can onlv bo aa approxito 
til furniiceM oni more pcrfL-ct, aiid tb« eattrc bfuitin^ p 
of coal aball have been ubtained b}- perfect coiubiistMO. I 

"Notwitlistanditijj tbo grcitt striiU%" observes Sit. Pad 
" whicli haa bcoii made in tlie economy of fuel by the C 
eitgineerB, the tources of inute arc still wry great, i 
may hope fur gruut advance in evaporative economy, i 
eonAuttion, a» a science, and practical art, has receipt 
attention it niorit§."* This la not only good authority^ 
great encouragement, i>ia«inucli as the e^'aporative e 
of boilen, in relation to the of^t ]>roduced by giren wa| 
of ooal, has been more rigidly tostod by bim than by | 
who liave preceded him, as far as the present syBtema 
conitruutimi of furnaccn enublod him to draw conclusi 

The tlieory of combuHtion is now well nnderatood byjl 
entifio men ; but, ne a pmclical art, it still remaina i 
very low ebb. The works of the able chemists of oar a 
country sufficiently elucidate the several phenomena of M 
bustioii and clmmical action, continnod, ae they are, by I 
researches of the first electrician of the day. Dr. Faraday;! 
these lights of science have not been practically a 
the use of fuel in the arts and manufactures of this c 

We know, ecienttjicallif, that carburetted hydrogea j 
the other compounds of carbon require given quantitia| 
atmospheric air to effect their oombustion; yet, we a 
no means, practically, of ascertaining what qwintititt i 
Bupplied, and treat them as though no such proportions y\ 
necessary. We know, teienii/ieally, the relative proportion) 



* Tbete and th« antHequsnt ooniiniuiieaUoiu, faj Mr, Puket 
IniUtatloii of CtTll Eaglaeen In theli CntuutlooB, aliould be 
nwlten uid engineers, lu tbej emhrece, In th« most oompT 
reiulti. nDinpuiitiTelT ixnuiKod, of the inoit Kcunite eiperli 
kiniU of bollen uid englnea now in use. 
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tlie eoiiHtituents of atmospheric air are comhiiieil ; yet, 
ically, we appear wholly iudifferent to the distinct na- 
ture of these constituents, or their effects in combustion. We 
know, soiendjicaUy, that the volume of any given weight of 
air or gaa is in proportion to its rarefaction, and to the mea- 
sure of its specific heat ; yet, practicallg, we treat them, in 
their passage through the furnace, as though we were igno- 
rant of the cause or effect of expansibility. We know, sci- 
eKtiJkalli/, the proportion of condensation and expansion due to 
the unions of the several compounds of hydrogen and carbon, 
Euid the products of their combustion; yet, practically, we 
treat them in the furnace as though we knew nothing of the 
changes produced by chemical action. We know, scieKtifi- 
cally, that the inflammable gases are combustible ouly in 
proportion to the dsgree o/"»JM;fMre which is effected between 
them and the oxygen of the air ; yet, practically, we never 
trouble our heads as to whether we have effected such mix- 
ture OF not. Those and many similar illustrations exhibit a 
reprehensible degree of carelessness which can only be cor- 
rected by a sounder and more scientific knowledge of the 
subject on the part of practical engineers and manufacturers; 
and this can ouly be attained through ike aid 0/ chemistry. 
To this latter I am now desirous of directing attention. 



e lu the pre- 
To these are 



The main constituents of all coal, as \ 
ceding tables, are carbon and hydrogen. 
added various proportions of snlphur, oxides of iron and other 
metals, carbonate of lime, magnesia, silica, alumina, and 
other earthy incombustible matter. 

usuaHy rnund combined in coal. As Ihese, however, do not Bdd to. or atntnct 
from, the qaantitj of best K'nented from the combustible ingredients, and as It 
ie a matter ol great doubt liow ttie; are combined^ and maj be considered as 
neuter ai regard* the inTestigatltin before us, I bare taheo no farther notice of 



is not nurcMAry hvrv to j^> more inui Jetiul n* to d 
I Hvvoral <Mm|H)iiiiili> wtiicb exht in cmU, or tbeir (4fact nf 
I combustion : oullioieRt for our purpose to ktiow, that dl 
I mrv all more or )<■» itijurioa&, witti tbo exccfttinn of ll 
I earbon and tho hf/drogm ; and tlut these Utter aro A 
a of tbc two Itiadinjj ohanictenBlics nf coal, aa doczibi 
I hy cheniiitti', vir.., tbe cartmnaceoui, or boliti, ntij the biti 
I minous, or volatile portions. 

Without ^ing fiirtlier into the nature and propertiMd 
I Qoal. it will bo Huificicnt that we take tiieum ti 
I well known, and ailmittoil divieionH, and consider the m 
R jeat of comb UMt ion with rofurvncc to tliem alone. 

I'rofeaiior Brando, un this head, obxorvcM : " Cnrbon ■ 
fliydrogon unito in nfveral |)ro)>ortionH and form many e 
I oua and important conipouniU, among whicli it is soinetinMt 
l-difHctUt to dietin^uiib tbone which ou^iht to bo conaidenA 
Pm diitinct and definite cornbi nations from otliern which ut, 
' probably, indotinito mixtnreM of the fonncr. These c 
poundii arc, }(oiiurn]ly. terintid hydrocarbons. an<l anios 
thoin aro «oine striking illuHtriLtinnH of one apeoics of iaoiDA^ 
: that ix, of compounds diilbring often osscntialljr i 
' phynical ur chumical properties, or both, and, j^ 
iltpparuntty produced by the union of the same fiJ^emmttM a 
t bearing the tame relation to caeh other." 

Here we have, from the pen of thia able profeesor, snS- 
Iciont to satisfy iiB how intricate are the combinationa i 
I effects produced by the agents with which we have to deal, 
pthe combustion of coal in our furnocea wo have several 
I Varying compounds of the most powerful agents to whi 
\ chemistry has introduced us, vi/,, carbon, liydrogen, oxygen, 
I aitrugon, and sulphur, with their uumerous compounds ; and 
I what a field of inquiry does this mere enumeration open to 
lour view; yet, what proofs does every step in the inquiry 
tltfford of the di^erence between the extent of our acienti^ 
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uaintauce witli the subject and its prtivtical application. 
In pursuing the investigation, however, we must not be de- 
terred by this apparent labyrinth of difficulties. Our busi- 
neBS is with facts; to collect, arrange, and apply them to our 
several purposes, and, where we cannot develop the causes, 
to rest satistied with the effects produced, and turn those 
effects to the businea.s of life. 

In tho natural state of coal, the bitumen and carbon are 
united and sohd. Their respective characters and modes <rf 
entering into combustion are, however, essentially diflbrent; 
and to our neglect of this primary distinction is referable 
much of the difficulty and complication which attend the 
use of coal on the large scale of our furnaces. 

The first leading distinction is, that the bituminous por- 
tion is convertible to the purposes of heat in the gaseoma state 
alone ; while the carbonaceous portion, on the contrary, is 
combustible oiUif in the solid state ; and, what is essential to 
be borne in mind, neither can he consumed ■while they remain 
united. The fact of this necessary separation, previously to 
combustion, is opposed to the popular notion adopted by 
many practical inen, whose language and proceedings show 
that they have considered coal (aa regards the process of 
cotnbnsiimi) to be a homogeneous body ; or, at least, as sus- 
ceptible of being treated by a single operation and capable 
of being ignited while in the state of solid coal ; yet nothing 
can ha more essentially distinct in the whole range of 
laboratory operations than the treatment of solid and gaseom 
bodies, the latter alone being convertible into flame. 

Indeed, the use of the term "/uel" as applied to the com- 
bustion of coal during its several processes in the furnace, 
without reference to any particular constituent, or the state, 
whether gaseous or solid, in which it exists at the time, is 
sufficiently indicative of the inaccuracy and inattention to 



I tlio clitmiii'^l i-oDditioRB aad combiiutiou tu which 1 W 
I rHforring.* 

TliiH IntilH u» tu Uie tirat circuniatance (K^nnectcd u 

oonibiistioD of coal, which is overlooked in |>nK-tic«, uj, a 
I &r aa I hnvo socd, not eiifficieDtly iilentifiod by those « 
L have written on the subject : I mean, the tieffative ehi 
I of coal as a licitt -giving medium, or, more correctly speakiiigi 
I itB i>09itiv« character as a cooling medium, so long ae tlit 
[ bituminous couHtitucnta remain united with the ( 
, oufl, or are in procest af volatilization. 

This circumst&uce. wo Hhall hereafter find, merits putioK 
I lar attention, inasmuch a» it exerciaee ^eat infliii 

certain stages of the progress towards combustion, and; 

tliererore, demands peculiar management ; and as it is tlu 
I direct cause of those undue and injuriotis fluctnationa of 
I general teniperaturo, in the body of the furnace, which too' 
I often derange the evaporative functions of the boiler. 
L The general impreseion among pra«tiaal men is, that a 
1 upoken of under the objectionable term of "/tW,'^ enter* illf 

I ■ Hmy lailonocii of tbe mode of soiuiderliij Uid cOBibiutioD of ooil nl^illw 
[ b« flTBD: tbcf nitl, hdwuvar. be rjunUiu' to looit re&den. The falloirlnc «l 
[ mUBm to nptiilR nj miiuilng. In a, pgpulu tri»(lH on tlie gt«iii-eiuta>> II 
I Milbor. apaaUn; of Brunton-a roToUlug cnita, obicrTei, "Tlis coale aKletdv* 
I tram the hopiinr an tho unto, at that part nhiuh la moit remote from ths So 
I ■nd.ulher doKendIn Tcrf amill quuitltlea at atlrne. Own "'e aitaoH immMaU 
I (thIM." Hsn tb« tool la mpreaeDtoct u bslDg ig»itei,oT oouTerted Into ftw 
1 Trhiob ta lacomct. Coof-inH muj bo coDnrlHl Into lUme, snd eoks maj be ignitad; 
f htt mai can nelthsr be Ignited nor coavertci) Into Sftma. 

I Agnlii. " Bat, until tholr l^ltlon la complete.' Imeiuilnc, until tbevboleof || 
^fu la Bipelled.) " > vHoki will «rl»o, whloh, pualng to the flue over tha bniid^ 
r*«l, u^il bt iQitilatt.- Hero It la the ifiu which b Ignited— the term (mob bdn| 
I bBpropiirlji Da*[l Inttead oT pita. Thla, alao, is Inoorreot, u imola, iimptflj 
■peaking, belog auoe tormod. ujumnt be ignited or ijiflameil la the way, or 1^. 
the mGaas bi^ro staled, nt leaat, In the aame rurnaco. 

I do not mBaa to aay the author vraa ignorant of theae facta ; iBileed, 1 
ponnaded of the contrary. I taeFolj' quote the pmuages as a proof of the wai 
attantlDii to chemical propriety and aecurac; 1u the terms used when troatfof on • 
BultJeet 10 purelr nhemhsal. and the adoption of looae popular t«nna br VhllSii 
popular error la too often conllrmed and extendeil. 



combustion at once, on the application of lieat, in tlio fur- 
nace ; and that, during such combustio/i, it evolves the gaseous 
w which it contained. This, however, is neither correct 
ma acientific, and evades an important feature in the use of 
coal, namely, thg order in which the gaseous and solid por- 
tions come into use as heat-giving media. Let ns examine 
this more closely and in detail. 

When heat is first applied to bituminous coal, the qnes- 
tion naturally arises, What beuomes of it i or. What is its 
effect ! An ordinary observer would say, it must directly 
ise the general temperature of a furnace, by bringing into 
activity an additional mass of combustible matter. Ulti- 
maltiy, it will have that effect ; but we are now inquiring, 
strictly and chemically, into the several progressive stagei of 
combustion, and must not deceive ourselves by general con- 
vlusione, to the neglect of those intermediate circumstances 
from which important resulta arise, or which may require 
f^)eclal arrangements ; and the circumstance I am now 
drawing attention to is just of such a character, 

A charge of fresh coal thrown on a furnace already in an 
active state, so far from augmenting the general tempera- 
ture, or gieing out heat, becomes at once an absorbent of it. 
This cannot have escaped observation, although the extent 
to which this absorbing process is operative, the cause of 
thk. absorption, the circumstances which accompany it, 
and its immediate consequences seem to be vety inade- 
quately appreciated. 

This heat, so absorbed, becomes at once the source of the 
eiepansion and volatilization of the bituminous portion of the 
coal ; in a word, of the generation of the gas, the absorption 
of the one being iu an esact ratio to the generation of the 
other. Now, volatilization is the moat cooling process of 
nature, by reason of the enormous quantity of heat which is 
^diirectly converted fj-om the sentibU to the latent state ; and 




thia BbMrptun of hmt, tmJtm frm» Sib j t m m vi nto 
/WwMW awl aiqiTOprtUed, u it wore, hy the n 
owa pupoaw fif gaMftetiuo, goes oo until Uic vrl] 
ralatSbkUe oomtitnenu haw Uam thoa wiuged fi 

Tb« bitanan of the oottl, bv re«M» of tbe great 
^ «{ hydrogen irii'icb it coutaitu. (end wbivii t« its 
•titoent,) sbeoriis heet wiUi groat atidiiy , thti &nt r«<Dii '' 
vrUeb ia its cluogv from tbo Mate of a Mtti/, to tlut 
WW. MMi/fttu/.'* uid. Mibaequentlv, by fbrtlicr i 
of be»t. to tbo aUte of gM, witll ita eaomioualy uxpaudw 
volotne. Thti effect ta, that tlie Urge quantity d 
99 abaortied, Uld become Utout in tlio j|;aa, ia wlu^ 
unavailable for the busim-m of tbe furnace, and mtutfl 
tinuo no uutil sul-Ii gas outers into eh^nioeU anioQ W 
oxygen, aud is eonBuaied. 

Tbo oontinuuDce in such fuacd or somi-fluid state be 
but teniporar}', wc canaot, ns we do iit the uanu of ml 
rolain it, and ascertain the exact (juantity of beat i 
to tfaia specitic state of Bemir-Jiaidily. Hence, we arei 
to overlook, or ondermtc, its faculty of absorption : • 
so alw) of the still greater degree of latent ht»it due 
itH gmeovs stjito. Had we the jiowar of condensing it, 
wo do when we condense ateain, we eliould, in like manneTf 
be able to ascertain the quantity of its latent heat. OntfaiW 
pointe it is instructive to consider tbo phenomena, now 
well understood, of the absorption of beat by water, dtuint 
its expansion and volatilization ; — the conversion of coal )] 
gas being strictly analogous, in principle, to the ooavefai 
of ice into water, and water into steam. 

Wo know that the heat of fluidity of water is 140, wli 
that of its elastic fluidity, or state of steam, is 1000, 
panied by an expansion of 1600 times its bulk or volume 




it the corresponding numbers, with respect to the a 
Jhtid and gaseous Btatee of the bitumen of the coal are, has 
not been ascertained. 

We know, however, that heat, where it can be absorbed, 
produces expansion, and that it only ceases to be absorbed 
when the capacity of the body for retaining it is satistied ; 
that is, when no more heat can be retained without a further 
^Mvge of condition or form, and when all further incre- 
ments of heat would pass off in a sensible state, by con- 
duction or radiation, as fast as received, and become appre- 
ciable by the thermometer. 

Thus, we see, how the relation between the consecutive 
changes induced by heat in ice, from solid to liquid, and 
liquid to vapour or steam, is a correct type of what takes 
place between the solid, semi-fluid, and gaseous state of the 
bituminous portion of coal. Thus, also, we understand 
hew coal thrown on a fire can have no direct operation as a 
luat-givinp hody, until, through its successive changes in 
form, character, and faculty of absorbing heat, its maximum 
power of retention has been reached, and its gaseous state 



We now see, that every fresh ohai^ becomes, pro tanto, 
an absolute refrigerator in the furnace, both mechanically 
and chemically. Meehamcally, by its interposition between 
die glowing coals on the bars 'and the boiler, and thus 
intercepting radiation. ChemicaUy^ by the conversion of ao 
large a quantity of heat (which would otherwise have 
worked the work of evaporation) from the sensible, 
thermometric state, to the insensible, latent state, in the 

The fitU of these sources of the cooling influence of a 
fresb charge of coals is alone what, in practice, is attended 
to; while the second, though much more influential, is disre- 
garded or unknown. Of this, however, we shall have to 



28 



take further uoticc, iuasmucti a>i it is au injurious acoo 
panimeat of the act of charging a furnace. 

And here I would ilraw attention to the distinction, 
poiat of time, which this process of gasefaction necesaaril 
produces between the combustion of the two conatituent 
the carbou and the bitumen. So long as any of the bitumii 
0U8 constituents remain to be evolved from any atom • 
division of the coal, its solid, or carbonaceous part rem«fl 
black, at a comparatively low temperature, and utterl] 
inoperative as a heating body. This, we have seen, aria 
from tho circumstance of the entire accessible heat beic 
absorbed and carried off by the bitumen during its ei 
sion and volatilization ; — such heat being, in fact, the i 
and element of its volatility; whereas, the carbonai 
- portion of such atom or division remains, without aaji 
increase of temperature, under the "cooling process of goat- 
/action,''^ (as Dr. Ure terms it,) beyond that which is required j 
for expelling the gas. In other words, the carbonaeeon 
part has to wait its turn for tliat accession of heat which 
essential to its own progress towards combustion, and in 
own peculiar way, as will be explained hereafter. 

The whole of this process, preparatory to the combustic 
of the gas, is well illustrated by what takes place in on 
gas-making establishments, and which exhibits the great 
quantity of heat required for this conversion ; yet, this loss, 
or appropriation of heat is strangely overlooked when 
operating with coal in the furnace. Now, we cannot be' 
insensible to the fact, that whatever coal is used and heat 
employed outside the retorts, in our gas works, is employed 
solely in expanding and expelling the bituminous matter, 
in the shape of gas, from the coal which is placed inside 
those retorts ; and that a corresponding expenditure of heat 
must take place when we expel the gas from the coals in 
our furnaces ; or, in fact, wherm-er gas is generated. 



i 




29 



■ In the retorts, however, no loss is sustained, thp entire 
of the gas generated bcin^ collected and retained for subec- 
qiiont combiiBtioii ; whereas, having no power of retaining 
it under the arrangemehtB of a furnace, much of it \s there 
unavoidably lost. Thus, after the bituminoua portion of the 
coal haa so exhausted the furnace by this cooling process, (its 
own gasofaction,) if wc Buffer it to escape without comhus- 
tion, (:in(l which, in most cases, is the fact to a considerable 
extent,) we are losers of ahuoluU, effective heat, to the entire 
extent of what haa been ao taken iip ; and, pro^ecttDely, to 
the extent of what it would have given out, had it duly 
entered into union and combustion with its equivalent of 
oxygen. 

We also see, that if this bituminous part, so converted into 
gas, at such an expense of heat from the furnace, be not con- 
sumed and turned to account, it would have been better had 
it not existed in the coal ; as auch heat would, in that case, 
have been saved and become available for the business of the 
furnace. To this circumstance may be attributed the alleged 
comparatively greater heating properties of coke, or anthra- 
cite, over bituminous coal : not that the former has, in fact, 
the property of imparting more heat, weight for weight; 
but that the latter, by reason of the fugitive gaseous cha- 
racter of its bituminous portion,'and the physical and che- 
mical impedinienta to its entire combustion, presents greater 
practical difficulty in bringing its heating powers to account; 
no such difficulty occurring in the use of coke. The entire 
of the bituminous constituents being tlius e.\pelled, the 
second, or carbonaceous constituent remains. This in the 
retorts is called coke, and, as we shall hereafter have to ob- 
serve, cannot, by iteelf, be reduced to a gaseous state. 

Thus we have before us not only the elementary constitu- 
ents of coal, but their subsequent separation under the forms 
of solid and gaseous bodies. The importance of this 
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distinction will be better nndcratood as we proceed. Mill 
coQ^inon at present prevails in all that regards the ase a 
coab in a furnace, by diM^garding the several distinct f 
ceases to which we have been referring, and tA« ofi/w of ti 
succeasian, viz. : The expjuisioa and fusion of the bitamei 
the generation of the ga» ; its absorption of heat duriifl 
such expansion ; its combustion ; the subse<{uent combq) 
ti<Hi of the solid cartwD, and so on : for if not n 
due attention to the peculiarities and wants of each, tha 
oeveral processes interfere with, and mar each otber'a effect. 
Now, these distinctions and their modifications, which will be 
noticed as we proceed, involve the whole que^ioa of peHeot 
or imperfect combuBtioo, and by which economy prv 
are to be induced. In commenting on these several b 
I will bo 88 explicit as possible without going more inlOrJ 
scientific detail than may be consiutent with the i 
opportunities of that class of practical mechanics for whom \ 
I write. 

The point nest under consideration will be, the pecnltari* 1 
ties, procesees, and general phenomena iucident to the coat^M 
buHtioQ of the goieoiM portion of the coal, as distinct fro 
the earhonaceoai or »oUd portion. 




SECTION II. 



OF GASEOUS COMBINATIONS, 



AND PARTICULARLY 



OF THE UNION OF COAL GAS AND AIR, 



Having pointed out the leading characteristic in the use 
of coals, arising out of its elementary divisions, bitttminotM 
and carhanaceofis^ namely, that the first is available only in 
the state of gcu^ and the second in that of a solid ; and 
having explained the first process of gasefaction, our next 
step in the progress towards the combustion of this gaseous 
portion is its union with atmospheric air. This part of 
the subject will require the more attention, as the greater 
portion of the practicable economy in the use of coal will 
be found connected with the combustion of the gases : and 
as the numerous combinations of which they are susceptible 
embrace the whole range of temperature, from that of 
flame, down to that of a refrigeratory effect. 

The subject of gaseous combinations, then, is, without ex- 
ception, the most important in the whole range of the in- 
quiry before us ; and those who would study the economy 
of fuel, and the obtaining from it the greatest quantity of 
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livaC i^iU>Ut>t ilii^>uw with this bruiicL <it it,- 
i4l{*b» mhI vaw^ of (he process of combustiuii. The □ 
uii.^ i,'ii|jiuv«r uwy ask, ^Vllat has this to do with boiler a 
lu^ vt (Uruitov Itiiiltliug ' I tell him, it involves the v 
t|UMti(>)i tif rijfht or wrou^ in these trades : audi here 
it will he Htluiittod, that, ir ignorant of this hruiich of e 
iiiintry, ho uuiirt Iw ij;iior%nt of the Krst priiiciplea of I 
litlNiufMH. au liui^ A$ a furnace is to be part of a boiler, : 
tlkHt oimli' aro to b« consumed in that furnace. 



On tlio application of heat to bituininutiis coal, the I 
nwult, H3 already mentione<1, in thti iibsorptioii of heat a 
llw dinoiij^gcnient of the gun, i'nnii which nil th^ b 
i|tt(Mitly has the character of flanie in oxclutiivety derivi 
Thin gna, whether it bo in a doxit roturt or in a : 
HBXH'iati^l with several other NiibHtancun nioru or letts tendi 
tit iletfriorute its inflammablii propui'tii'n ami [wwors of g 
\nf out heat and light. In the jir«|mi'atiiin of gas for illn- J 
iiihiHtin^ piirjwfiOB, these inipurltiuH nn- Nojiaratud, and the j 
[Mirc giis alone employed. Ax, huwiivnr, tlii« Noparation c 
mrt Iw cBtfctwi in the furnauo, and n» tlm entire ga 
diiotH tif the coal, g'jod and bail, aro iiidincriniinately mix 
»nd Hocessarily consumed togotliur a* tliey aro generated, fc 
Ib the more incumbent on uh to tie cnutiouit, lost, by aoyfl 
Injudicious arrangement, we force tliouc ini))urities into »3 
more active energy, and tliiii iiicreniie their deleterioipj 
nfP'Wy. 

VVc will not stop here to cunnider tlio nature of those ii 
purities arising out of the iiuionH ofMulphur, and the other J 
injurious conBtituontw nf coal, although tlioy exercise a con- j 
nidorable, and even a. niinehicvous, intluoiico on the calorific j 
effect of the burning gaw in the furnace ; but will take those i 
oonstituonts alone which unite in fonning the 'itsefiil ga,aea, 
nnd from which we are to derive lieaf. 



' These constituents are the hydrogen and the carbon : »nd 
the unions which alone concern us here are, firat, carburetted 
hydrogen, and, second, hi-carburetted JiJ/drogeii, comraonly 
called olefiant gas. These two, and their unions with the air, 
in the procesa of combustion, we are now about to examine. 

Our object being to obtain heat by the combustion of those 
inflammable gases, this is the place for a few remarks on 
the nature of combustion, and, particularly, as regards gaaeoua 
matter, without going deeper into the subject than is necessary 
for its practical application. 

GoiBes, as well as other bodies, endowed witli the power 
of giving •«ut heat and light, have been called comhusliiUa. 
This term has been a source of much error in practice, from 
a misconception of its meaning, under the impression that 
oombustiblea possesa, in some undefined manner, and within, 
themselves, the faculty (^ burning ; and, although every on^ 
knows that they cannot hum without air, still, the part which 
air has to act in the process is but little inquired into by 
unscientific men. It is, indeed, within oiu* own time that 
the nature of this union of the gas with the air has come to 
be better understood ; and, although the abstract question, 
aa regards the immediate cause of that chemical action 
which we call combustion, may continue to be disputed, 
and new theories continue to he broached, still, for all 
practical purpose a, it is now sufficiently defined and 
understood. 
' Here we are called on to inquire, with reference to the 
gases under consideration : — Whether there are any pecu-. 
liaritiea or conditions which can influence the amount of 
heat to be obtained from them ! and, if so, what they are ? 
This again involves other questions with reference to air, 
and the part it has to act in the process ; and thus we are 
introduced, at once, into the chemistry of combustion. 
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One advantage of viewing the subject in this light is, 
that we shall see how idle would be any calculation or ar- 
rangement as to the dimensions or details of a furnace, be- 
fore we have well examined and understood the rationale of 
that process on which these details must necessarily be con- 
tingent. For what chemist would begin by deciding on the 
dimensions of his retort or other apparatus, before he had 
considered the particular process to which they were to be 
applied; or the nature, properties, and tendencies of the 
materials with which he wa^ about to operate I Yet, such 
is the every-day practice of those who profess to instruct us 
in the economy of fuel and heat, and, as Tredgold and others 
have done, give precise formulae for deciding to a fraction 
the dimensions and details of our furnaces in which the 
operation of combustion, both of solids and gases, is to be 
carried on, while they neglect inquiring into the nature ct 
the process itself, or the characters of the materials to be 
employed. 

Let us here take a different course. Let us begin at the 
beginning. Let us examine and understand the nature of 
the process to which we are about to submit our materials, 
and their respective peculiarities, conditions, and wimts, 
during combustion, before we determine the size or shape 
of the vessel in which the operation is to be conducted. Let 
us thus qualify ourselves to decide on secondary consider- 
ations, by a thorough knowledge of the primary ones by 
which they are to be regulated. With these preliminaries, 
we go rationally, systematically, and satisfactorily to work ; 
otherwise, our labour will be vain, and only produce dis- 
appointment and loss. 

ComhiistibiUtyy then, is not a quality of the combustible, 
taken hy itself. It is merely a faculty which maybe brought 
into action through the instrumentality of a corresponding 
faculty in some other body. It is, in the case now before 



US, the union of the combiidibln with oxygen, and which, for 
this reasou, is called the " giepportar ;"'* neither of which, 
however, wlien taken alone, can be consumed. 

To effect combustion, then, we must have a comhuatihU 
and a supporter of coinbustioD. Strictly speaking, combus- 
tion means union ; but it means chemical union — one of 
the acconapanying incidents of this kind of union being 
the emission of heat and light. What the nature of heat 
is ; or the manner in which it is associated with matter ; or 
how it is liberated during chemical action ; and whetlier it 
is caused by electric, or by what other influence, is not here 
to be considered. Sufficient for our present purpose is the 
foot, that the chemical union of the comhmtible and the svp- 
pof^er, under certain now well-known conditions, ia, for u«, 
the cause of heat ; and, further, that exactly in the ratio that 
Bueh union is complete is the (juantity of beat increased. 

But we have not the means of obtaining this necessary 
aupporter, this oxygen, in sufficient quantity, in a separate 
state, except at an expense which would render it incompa- 
tible with the purposes of a furnace. Our only alternative, 
then, ia to apply to tfte atmosphere, of which it forms a 
part, to satisfy our wants. Had we to purchase or mann- 
bctuie this oxygen, as Mr. Gumey does, in procuring 
the supply for his " Bude Light," we should, necessarily, be 
more economic of its use, and inquire more respecting its 
^plication. But, finding an abundant supply at hand in 
the atmosphere, and obtaining it without expense, we are 
careleaa of its use, and take no note of the large quantity 
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unions we have now to examine are those that tikif 



place between the constituentB of the coal and those o 
stmoBpberic air. Dr. Ure calls the carbonaceoua pai' 
of coal "the main heat-giving conBtituaiit." In this W 
must be understoofl to include that portion of the carb^'* 
which forms one of the conBtituente of the gases alluded tC^ ' 
»nd, although, for the purposes of the/urnaee, so much vali-*-* 
is set on the solid carbonaeeous portion— f^ cote, we niu^^ 
not, on that account, undervalue the heat-giving properti^^ 
of the gai. Indeed, the extent of those powers is strikingl,,;^ 
brought l)efore us by the fact, that, for every ton of 20 cwt. t^^ 
bituminous coal, no less than 10,000 cubic feet of gas ar^^ 
obtained, for which we pay at the rate of lOs. for everj^' 
1,000 feet : the heating and lighting properties of tli 
gaseous portions alone of one ton of coals thus costing fii 
pounds sterling. 

When, therefore, we consider the immense heatJE 
powers which such a mass of flame as 10,000 cubic feeti 
gas produces, we cannot resist the conclusion, that tha 
must be something essentially wrong in the mode of brim 
ing it into action within a furnace, as compared to its woj 
known efficacy in an Argand burner. That this ia tJi 
fact will appear manifest as we proceed : and one of m 
objects is to show how the combustion of the volati 
portions of coal may be effected as completely, when i$sutE 
from the throat of a furnace, as from tlie beak of a ga 
burner. 

Let us bear in mind, that coal gas, whether generated in 
retort or a furnace, is CBsentially the same : althoagb, iD 
the latter case, it ia accompanied by the impurities wliio 
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I have alluded to. Again, that, strictly sprakiug. it is not 
inflamniabie ; as, hy iUelf, it can neither produce flame 
nor permit the continuance of llanie in other bodies ; snd 
which is proved by the fact, that a lighted taper introduced 
into a jar of carburetted hydrogen, {coal gas,) so for from 
inflaming the gas, is itself instantly extinguished. 

How, then, is it to he consumed and rendered available for 
the production of heat ! The answer is, solely by effecting 
tts chemical union — not with the uir, as is the vulgar and 
dangerous notion, but with the oxygen of the air — the " sup- 
porter" of flame — the heat-giving constituent of the air — in 
given quantities^ and at a given temperature. 

This, at onc«, opens the main question : What are theso 
quantities, and what is this temperature, and what are the 
other amditions requisite for effecting the chemical union of 
the oxygen of the air and the inflammable gas, to the best 
adeamtagef 

Effective combustion, for practical purposes, is, in truth, a 
question more aa regards the air than the gag ; and the for- 
mer, as referable to our object, would appear bettor entitled 
to the term, combustible, than the latter, inasmuch as the 
heat ie increased in proportion to the quantity of »ir we are 
enabled to use adca/ntageougly. Besides that we have no 
control over the gas after having thrown the coal on the 
furnace, though we can exercise a control over the air, as I 
shall show, in all the essentials to perfect combustion. It is 
this which has done so much for the perfection of the lamp, 
and may be made equally available for the fwnuiM. 

Now, although this control, and the management arising 
out of it. influences the question of perfect or imperfect com- 
bustion, and, therefore, affects that of economy ; yet, strange 
to say, in an age when chemical science is so advanced, and 
in a matter so purely chemical, this is precisely what is least 
attended to in practice. The how, and the ip^«b, and the 
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where this controlling influence over the admission and ac- 
tion of the air is to be exercised, are points demanding the 
most serious consideration, and can only be decided on strict 
chemical principles. 

These points I propose examining under the following 
heads: 

1st. — The quantity of air required for the combustion of 

the ffos. 
2d. — The qtiantity required for the combustion of the 

carbon^ after the gas has been expelled. 
3d. — The quality of the air so employed, particularly as 

regards the combustion of the gas. 
4th. — The incorporation of the air and the gas, and the 

time required for effecting the same. 
5th. — The mode in which the mixing or incorporation of 

the air and the gas may be best effected. 
6th. — The place where the air may with the most effect 
be introduced. 



SECTION III. 



OF THE CONSTITUENTS OF COAL GAS, 
OR CARBURETTED HYDROGEN, 



AND THE QUANTITY OF 



AIR REQUIRED FOR THEIR COMBUSTION. 



Thb first step towards effecting the perfect combustion of 
any gas is the ascertaining the quantity of oxygen with which 
it will chemically combine, and the quantity of air required 
for supplying such quantity of oxygen. By this we are 
called on for strict chemical proofs — these several quantities 
depending, not on the dictum of any chemist, but on the 
faculty which each particular gas possesses of combining with 
certain definite proportions of the other — these respective 
proportions being termed "equivalents," or combining 
volumes. This doctrine of equivalents must, therefore, be 
understood before we can be prepared to admit the necessity 
of any precise quantities. 

Let us begin, then, by inquiring into the constitution 
of the coal gas, and the relative proportions in which 
its constituent elements are combined, as these necessarily 
govern the proportions in which it combines with the ele- 
ments of the air. 

Now, the doctrine of " equivalents," that all-convincing 
proof of the truths of chemistry, being clearly defined and 
understood, reduces that to a mere matter of calculation which 
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Would otherwiHe be a complicated tissue of uncertaintieff. 
And let no mechanic feel alarmed at this introduction to 
'^ elementary atoms'*^ and ^^ chemical equivalents,"^ or imagine 
it will demand a deeper knowledge of chemistry than is 
compatible with his sources of information ; neither let him 
suppose he can dispense with the knowledge of this branch 
of the subject, if he has any thing to do with the combustion 
of coal. Without it, ho is at the mercy of every speculative 
"smoke-burning'*' pretender; whereas, with it, his mind 
will be at once opened to the simplicity and efEciency — I 
may add, to the truth and beauty of nature's processes, as- 
regard combustion. 

There is not, indeed, a more curious or instructive part of 
the inquiry than that respecting the conditions and propor- 
tions in which the compound gases enter into union with the 
constituents of the air i neither is there one more intimately 
connected with the practical details of our furnaces. Some 
introductory remarks may, therefore, be necessary for those 
who are not already familiar with it. Indeed, without 
some information on this head, the unions of the gases might 
appear capricious or uncertain ; whereas, in fact, they are 
regulated by the most exact laws, 'and subject to the most 
unerring calculations.* 

* The late Mr. Sam. Parkos, author of the " Chemical Essavs," obsenred: — 
*' We are unfurnished with any definite, determinate experiments regarding the 
proportions in which air and fuel unite during combustion. We are, practicidly 
speaking, altogether ignorant of the mutual relations which subsist between the 
combustible and the supporter of combustion ; (the fuel and the oxygen ;) and, though 
we know, that, without oxygen, we cannot elicit heat from cotu, we haye yet to 
discover the most productive combinations of the two elements. 

" Here, then, remains a wide field for research and experiment, worthy, and; 
indeed, requiring the labours of a profound chemist." 

These matters are now better understood, and those "most productive combina- 
tions^ rendered familiar and certain, by the labours of that " profound chemist," 
John Dalton, who first drew the attention of the chemical world to the subject oC 
equivalent proportions, and taught us the importance and necessity of ascertaining 
those proportions — in fact, of '• reasoning by the aid of the balance" 
Dalton's papers were first read before the Manchester Philosophical Society, and 

rublished in their memoirs in the year 1803. These volumes are very scarce, and 
have not been able, anywhere, to meet with a complete copy of them. The Royal 
Institution, where the immortal Davy brought his great discoveries to light, contains 
but the five volumes of the first series. These volumes, or, at least, the papers or 
Dalton, should be republished, for the purpose of showing the correct chain of 
reasoning by which the mind of that acute pnilos<^her proceeded. 
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~Mug1i of the apjutrent oomplexitj which exists on this 
head arises from the disproportion between the relative 
volumes, or 6til&, of the conatituent atoms of the several gases, 
as compared with their respective -weighti. 

For instance, an atom of hydrogen (meaning the smallest 
ultimate division into which it is supposed to be resolvable) 
is dovhle the bulk of an atom of carbon vapour ,- yet the 
latter is six times the tcetgM of the former. 

Again, an atom of h/drogen is double the bulk of an atom 
of oxygen ; yet the latter is eight times the weight of the 
former. 

So of the constituents of atmospheric air — nitrogen and 
oxygen. An atom of the former is double the bulk of an atom 
of the latter ; yet, in weight, it is as fourteen to eight. 

A further aource of apparent complexity arises from the 
faculty of condensation, or diminution of bulk, which, in 
oertain cases, attends the union of the gases. For example, 
one volume of oxygen, and two volmnes of hydrogen, when 
united, condense into a volume equal to that of the hydro- 
gen alone (the weight being, of course, the sum of both) : 
and so on, each union bearing ita own ratio of volume and 
weight. This apparent complexity, however, we shall soon 
see ^ve way to a systematic consideration of the subject. 



r have stated, that there are two descriptions of hydro- 
carbon gases in the combustion of which we are concerned ; 
both being generated in the furnace, and even at the same 
time, viz., the carhuretted and bi-carburetted hydrogen 
gaaes. For the sake of simplifying the explanation, I will 
confine myself to the first, as fonning the largest proportion 
of the gas to be consumed, namely, the carhuretted hydro- 
gen, or common coal gas, as I shall call it, for the sake of 
brevity. 



Now, as, during combustion, the atoms of tliis gas become 
decomposed, and ita constituents sepanUed; and as these will 
be found to exercise separate influences during the process. 
it is essential that we examine them, aa to their respective 
properties, weights, and volumes. 

On analyzing this mixed gas, we find it to consist of two 
volumes of hydrogen and one of carbon vapour ; the groaa 
bulk of these being condensed into the bulk of a tingle atom 
of hydrogen : that is, into two-fifths of their previous bulk, as 
shown in the annexed figures. Let figure 1 represent an 
atom of coal gas — carburetted hydrogen — with its constitu- 
ents, carbon and hydrogen ; the space enclosed by the lines 
representing the relative aisie or volume of each ; and the 
numbere roprcsonting their respective weights — bydrogea 
being taken as unifi/ both for volume and weight.* 



Cariiiratted Hydrogen. 



Bi-earhuretted Hydro 





Fig. 1. 
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*"Cefa)! (MibiirttteilliydroBentot eompoi* de 7817 parties (bfTd^t) j 
earlioiio, fit 34'3? d'hjdnigDae ; oa, d'nn uof ntv de carbooe gmeur et qnatre tdIodim 
de £BA hjdrDRene, coodcmi^s ^ la mald£ da TatniuQ de cq demler, Du, nux %\ 
dii ToluDie total dn gaz. de nuuil^re qae de clnQTolumosBlmpIea,!! n'en nnlteiw 
flin de deui de la combinnfaon.'"— BerscHfu, Vol. 1, 3W, 
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Or they may be represented thus :* 

t 

Carbnretted Hydrogen, 

K. 



Fig 3. 





f t8 ooiutttuento, ^^^:=:^ [ Cirton, 
/HjrdxQgen, \ 



viy 



Bircarhwretted Hydrogen. 



Fig. 4. 



^The above gas, its constituents, /Carbon, 
14. 




Although not intending to take any further notice in this 
place of the hi-carhurettedYiyArogQTi^ I have, however, annexed 
diagrams, Figs. 2 and 4, representing this gas and its consti- 
tuents, that both may be under view at the same time ; and by 
which it will be seen, that although, in volume^ they are pre- 
cisely the same^ there is yet double the qwmtity of carbon in 
this laMer gas that there is in the carburetted hydrogen ; a cir- 
cumstance of great importance to be remembered, as these 
proportions will be found to have a considerable influence 
during the subsequent process of its combustion. 

* The mode of representing the tolumes of gas, by reetangalar flgnres, as 
adopted by Mr. Brande aAd other chemists, is favourable, so far as single atoms are 
concerned, inasmuch as the eye at once recognises the relation between volumes 
and hcif volumes. As, however, I shall have to do with masses of these gases, I have 
adopted circular figures, the relation between the sizes of the volumes of the differ- 
ent gases being the same. 
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I T would hero observe the importance of keeping in mind 
B4his double rolatiou of twgkt and volume, and the atomic 
KconBtitution of theao gases, as it will prevent much of that 
Bconfusion whicb too often eiubaraaeea those whp are aot &- 
■anilior with the subject of gaseous conibinatiooa. 
I Let us now, in the same analytical manner, examine an 
HRtom of atmospheric air, the other ingredient in combuBtion. 
I Atmospheric air is composed of two atoms of oitrogen 
Bund one atom of oxygen ; and here again we find a great 
Bdifq)roportion between the relative volumes of these conati- 
Kuents ; one atom of nitrogen being double the volume of an 
btoni of oxygen, while their relative weights are as 14 to 8 : 
Khe gross volume of the nitrogen, in air., being four times that 
mat the oxygen, and the toeiffht as 28 to S, as shown in the 
nnnexed figure 3. 

P Atimspheric Air, (or this) Atmospheric Air. 



Fig. 5. 
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e we are relieved from the complexity arising out of any 
Ifierence in volume between the constituents, when united 
I when separaie. In the coal gas, we found the consti- 
nta condensed into tvjo-ffths of their gross bulk when 
iparate. This, we see, is not the case with air, an atom of 
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^Hch is the same, both (m to bulk and weiffAty as the sum of 
its constituents. 

Thus we find, the oxygen — the heat-gimng constituent of 
the air, hears a proportion in volume to that of the nitrogen, 
as 1 to *% there being, in fact, but 20 per cent, of oxygen in 
atmospheric air, and no less than 80 per cent, of nitrogen ; 
a circumstance which should never be lost sight of in all 
that has to do with its admission and application. 

Having shown the composition of coal gas, and also of air, 
with the weights and volumes of their respective constituents, 
we now proceed to the ascertaining the separate quantity 
of oxygen required by4^ each of those constituents^ so as 
to effect its perfect combustion, and produce the largest 
quantity of available heat ; in other words, if> find the '' che- 
mical equirxdenty'' or volume of air, required for the saturation 
of this mixed gas. 

Now, this is to be decided, not by the quantity of air we 
may admit or force into the furnace, but solely by the faculty 
with which each of these constituents is endowed of uniting 
chemically with oxygen. 

With respect to this power, or faculty, of reciprocal satu- 
t'ation, the first great natural law is, that bodies combifie in 
certain fixed proportions ofrdy^ — a remarkable feature in this 
Law being, that it has reference both to volume and umght ; 
thus, by their concurrence, establishing the principle which 
now no longer admits of any doubt.* 

* *' L'ezperience a demontre que, de meme que les Clemens se combinent dans des 
proportions^fixes et multiples, relativement a leur poids, ils se combinent aosai, 
<l*ane maniere analonfue, relatiyement i leur volume^ lorsqulls sont a Tctat de eaz ; 
en sorte qu' un volume d'an el6ment se combine, ou, arec un volume egal au sien, 
ou avec 2, 3, 4 et plus de fois son volume d'un autre element a l*etat de gas. En compa- 
Tant ensemble les phenomenesconnus des combinaisons de substances gazeuses,nous 
d6convroiisles meTnea Ms des proportions fixes, que celles que vous venous de dedufre 
de lenrs proportions en poids : ce qui donne lieu a unc numi^re de so representor les 
corpB, qui doivent se combiner, sous des volumes relatifki i I'etat de gfiz. Les de- 
n6s de combinaisons sont absolument les m6mes, dans ces deux theories : et ce qui 
daiu 1*000 est nomm6 atiome, est dans I'antre appell6 volume.'*— BerxeUug, Vol. iv, M9. 
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The important bearings of tliiH great elementary principl 
of proportionate combination cannot bo more striking illai^ 
trated, or its influence rendered more familiar, tlian in thfl 
several combinations of which ttie elements of atmospherie 
air are eusoeptible, and the extraordinary changes of charac- 
ter and properties which accompany the changes, in tha 
respective qwanlitias alone, of the combining elements. 

For instance, oxygen unites chemically with nitrogen in 
five different proportions, forming five distinct bodies, each 
esaentially different from the others, thus : 

Atana. Waght. j]lona. ll'aght. Grata Wti^kt. 

I of Nitrogeu U unites with I of Oxjgen 8 forming Nitrous Oxide 

J U 2 16 Nitric Oiide 

1 U 3 24 Hjpooitrooa Add 

1 U 4 ...32 Nitrous Acid 

1 1* J, 6 40 Nitric Acid... 

A description of the properties of these distinct bodies ma^ 
be seen in any chemical work of authority, and I only 
tion these unions here to exemplify the importance of attend- 
ing to the proportions in which bodies unite ; as here we 
find the very elements of the air we breathe, by a mere 
change in th.^ propurtiona in which they are united, forming 
BO many distinct substances, from the laughing gas (nitrouH 
oxide) up to that most powerful and destructive agent, nitric 
acid, commonly called aquor-fortiB. 

This ease of the combination of nitrogen and oxygen also 
shows the importance of the distinction between mechanical 
and cAeimca^ union ; these twoelementsbeingonlym^cAanica^y 
united in forming atmospheric air, by which the essential 
properties of their two constituents are preserved unaltered ; 
whereas, in the five bodies above enumerated, the union is 
chemical, and, consequently, the essential character and pro- 
perties of their constituents are lost, and new ones obtcdned. 
Now, to apply these principles to the bodies under con- 
sideration, namely, the carhon and hydrogen, and ascertain 



in 
ich _ 

I 

ia7 ■ 



in ■ 



47 



the proportions of oxygen tliey respectively require to pro- 
duce chotiiical union. 

Those two constituents, though united in the one body — 
the gas; yet not only separate themselves during combustion 
in a remarkable manner, but, by two dinHnct processes^ form 
two essentially different uniom. This is an important feature 
of the development of chemical atrtion which the law of 
equivalents at once points out and enables ua to satisfy, 
although this double process does not appear to be understood, 
much less provided for, in practice, though familiar to 
every chemist. 

On the hrst application of heat, or, what may properly be 
termed, the firing or lighting the gaa, when duly mixed 
with air, the carbon separates itself /rom itsfeUow constititent, 
tka hydrogen, and forms an union with the former, the pro- 
duce of which is carbonic acid gas. 

Now the laws of chemical proportion teach us, that 
carbonic acid is composed of one atom of carbon vapour, (by 
weight 6,) and two atoms of oxygen, (by weight 16,) the 
latter, in volume, being double that of tlie former, as in the 
annexed figure. 




Thus, as far as the carbon is concerned, we obtain the 
information we sought, namely, its saturating equivalent of 
oxygen, and which we find to be yxfAdauhle its own volume, 
or, by weight, as 16 is to 6. But, without the aid of chemistry, 
we should here have remained satisfied ; combustion would 



ajipear to have been completed ; tLeru would he ito siuoke, 
and no visible indication of an imperfect or unfinished pro- 
cesB : and tliia it is which daily deceivee ua iu practice, and 
leads us eironeougly to tliink we have obtained the full 
calorific efiect from coals when there is no visible smoke. 
Yet, chemistry tolls us, we have only disposed of the ono 
constituent of the gas, namely, the carbon, and that the 
hydrogen, the secotid constilaent, remains yet to be accounted 
for, and converted to heating purposes.* 

It ia true, the carbon waa, in weight, equal to sis parts out 
of eight, (the original weight of the gaa.) In bulk, however, 
it was hut one fifth; and when it is recollected, that, 
although the illmninaiing properties of the carbon . 
superior to thoae of the hydrogen, yet that the heating pn>»4 
perties of the hydrogen are .far superior to those of tbi 
carbon, we can appreciate the loss sustained, should t 
4-5ths of the gas remain unconsumcd. 

To this may be added, the probable injury done to tfatK^ 
heating powers of the flame by the conversion of any pwti] 
of this otherwise valuable hydrogen into one of the moi 
destructive compounds which can bo met with in the fiu 
nace or fluea, namely, ammonia, composed of unconsumet 
hydrogen and a portion of the nitrogen already liberated 
from the air. Thus we have a double motive for providingT 
against the escape, unctmsumed, of tlie hydrogen of the gas. 

What, then, is to be done ? Let us complete this eeeonctJt 
process aa we did the first : let us supply this hydrogeii,B 
this remaining 80 per cent, in volume of the gaa, with i 
own proper equivalent of oxygon. 

• I hayo here slated the cii*e of tie nnygen nnitiog with the eart™, Id prol 
enixtothehydrogtn. On thlasultlect, I IniBt,^ ihaUbe eubled,befo»Ii1 
ohnorvatloos. to add aomflthing more dottned. Ohemlrta we uodBoidod 
paint i aod. indeed, tbc evidence at preacntls quite contnkdictorj^ Mfovht 
f„ r-.n,.,. „t I. iminn slth tlin l^ngBii. ot, ot leut. a proportion of if, in pi 
lU Dippeu hereafter. 



I the carbm : my reaaoas RlU iLppeu hereafter. 

It !■ to be obserred, however, that the nrgameDt, drawn bom the eomluutlcm 
the earbuQ before the hTdrocen, or vice rxna. ii the tune, u regudB the point 
it> under consideration. Whichever bait piisaea olTuncoinbiQcd Isloat. 
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What, then, is this second equivalent i By the same laws 
of definite proportions we learn, that the saturating equiva- 
lent of an atom, or any other given quantity of hydrogen, is, 
not double the volume, as in the ease of the carbon, but one- 
hcUf its volume only — the product being aqueous vapour, that 
is, steam ; the relative weights being 1 of hydrogen to 8 of 
oxygen, and the bulk, when combined, being two-thirds of 
the bulk of both taken together, as shown in the annexed 
figure 8.* 

We thus find, that to saturate the one volume of carbon 
vapour, tWQ volumes of oxygen are required ; while to saturate 



* Profeasor Brande puts this so oleorly that I here give his own words :— 
" The simple ratio which the uxighis of the combining elements bear to each 
other iiiTolTes an equally simple law in respect to combining volwnes^ where sah> 
stances either exist, or may be supposed to exist, in the state of gas or vapour. 

*' Thus, water may be conskLnred as a compound of 1 atom of hydrogen and 
1 atom of oxygen, the relative weights of which arc to each other as 1 to 8. Hence 
the equivaieta of the atom of water will be. 1 hydrogen M 8 oxygen - 9. But 
oxygen and hydrogen exist in the gaseous state, and the weight of eijttal volumes of 
those gases (or. in other words, their relative densities, or specific gravities) are to 
each other as 1 to 16 ; hence 1 volume of hydrogen is combined with i a volume of 
oxygen to form 1 volume of the vapour o/tt^Uer, or steam : for the specific gravity of 
steam, compared with hydrogen, is as 1 to 9. The annexed diagram, thcmore. will 
represent the combining wen/fUs and volumes of the elements of water and of its 
▼apour." 



Fig. 8. 



nydrogen, 1. 




Stoam, 9. 


Oxygen, 8. 







Steam. 



or thus. 




^The following is also much to the point :— " La composition dc I'eau est un des 
elemens les j>lus necessaires aux calcub des chemistes, les demiers experiences de 
MM. Berzebus et Dulong out foumi pour sa composition des nombres qui sont 
adopt^s par tons les chemistes. Elle est formee d'apres eux de 

Oxygene 88-90 1 atome, oxygene. 

Hydrogene 11*10 2 atomes, hydrogene. 



10000 



1 atome eau. 



Panni les nombrcuses decouvertes que la Science doit a M. Gay-Lussac, on remar 
quera tocdours la belle observation sur la composition de'l'eau, qui le conduisit 
a tronver les vrais rapports des gaz et des vapours dans leurs comhinaison. Des 
experiences tres exactes, qu'il avoit faites comointemcut avec M. dc Humbolt, lui 
prouverent que Veau etaU/omiee d'un volume d'oxygine et de 2 volumes d'hpdrooene, 
resnltat plaincment confirm^ dcpuis par tons les phenomencs ou Tcau joue uu role 
actif, et qni s'accordo avec la composition trouve par MM. Bcrzelius ct Dulong."— 
Dumas, Vol. 1, 33. 
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the too volumea of hydrogen, bat ontf volume of oxygoi 
required : thus, 

FIRST CONSTITUENT. 
Cubon. OxTsen. 

Va.Atom.Weigkt. Vol.Jbmt. H»>l. I' 

1 ... I... 6iiiiitewiUil ... 2 16 fonaioi; carLuDii- 1 . 

arid. I 

SECOND CnNSTITUENT. 
nvdragen. Oxygen. 

tV. Atom. ir»>l. rol.AUm,Wti9U. Vol. Atom. \ 

2 ...3 ... S unite with I .8... 16 farmiDgBleam ... 3 3. 

Here, taking the upper lino, we sec that, in the c 

this first constituent, the hiJf volume of carbon ant 
volume of oxygen become condensed into one volume d 
bouic acid (as shown at figure 7) ; ami that, in tlie » 
constituent, the two volumes (uieauing double bulk)! 
hydrogen and one volume of oxygen become condensed ii 
two volumes of steam (as ^own In figure 8.) 

No facta in chemistry can be more decidedly proved than 
ttiat one atom of hydrogen and one atom of oxygen fM«_^)rm«r 
leiwf <kMe the volume <tf tke laUor) unite in the formation 
of water ; and, further, that one atom of carbon vapour and 
two atoma of oxygen (the latter being duuUo (ha eolume o/the 
former) unite in the formation of carbonic acid gas. 

Thus, the ultimate fact of which we were in search is, 
that tho one condensed volume of the gaa, as generated 
from tho coal, requires two volumes, or double its balk of 
oxygen, that being tho quantity rec;[uired for the saturation 
of its constituents when separated. 

Now, this is the entire alphabet of the combustion of the car- 1 
huretled hydrogen gas. 

Having thus ascertained the quantity of oxygen require 
for tho saturation and combustion of coal gas, the only t 
maining point to be decided is, tJui quantity of air that will 
be re'juired to supply this quantiii/ of oxygen. 

This is easily ascertained, seeing that we know precisely 
the proportion which oxygou boars, in volume, to that ( 



the air. For, as tlie oxygeu is but oiie-tiflh of tlw bulk of 
tlie air,/rfl vohimeg of the Uttor will l>e rt'ijuired to produce 
one of the former ; and, as we want two volumea of oxygen 
for each volume of the coal gaa. it follows, that, to obtain 
those lino volumes, mv muitpromcle ten, wAwms of air. 

Thus, then, by strict chemical proof, wo have obtained 
those facta : —First, thst each vohimo of coal gas requirea 
two Tolumea of oxygen ; secondly, that, to obtain theae two 
volumes of oxygen, we must emj>loy eiglit atoms of air ; 
thirdly, that these eight atoms of air are equal to ten 
volumes of the coal g.is ; oacli volume of tlie latter, in fact, 
requiring ten volumes, or ten times itx bulk of air : thus. 

Ten mltaati of air are the same lU eight ntoint ; 
Bight atoms of air produce Tour atoms of oxjgcn; 
Four atoms of oxygen are ft^iia! to,two volumea of the same ; nnd 
Two volumea of oxygen saturate one volume of the coal gas : 
Thoroforc, ten volumes of air are rerjuircd far oacli one voluma 
of thie gas. 

We now see why ten, volumes of air are required for each 
volume of gas, and why neither more nor less will satisfy the 
conditions of its combustion. For, if mora, the excesa. inde- 
pendently of the miHchievoua chemical unions it might enter 
into in the furnaces, would he a means of carrying away so 
niQch heat as it will take up by its expanding faculty. And if 
less, a corresponding quantity of either hydrogen or carbon 
will be deficient of its supporter, and necessarily pass ofl' 
unconibined and unconaumetl. 

The difficulty of keeping in mind the complex relations 
of the gases, with their relative volumes, number of atoms, 
and states of condensation and expansion, present great 
difficulties to those who have not attended to the subject. 
To assist the unlearned in this matter and aid the memory, 
and with the i-iew of bringing those facts under the eye in a 
condensed form, 1 have prepared the annexed diagram 
or tabulated view of these several processes, and, especi- 
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tajgm win be reqttirad far this aAliiional atona of a 
I1«ae«, if eariwir eUed fajdngm rcqoina Im» i 
os^'gaa Ibr eomfaaMioB, tfae bi-ewbontted I 
nqmn Ur»» Toitaaa. ABd«>cifur: ift«nT 
att mfmni tot the one ^m, fifteen ' 
qocotlj^, nqoiml for tbe other gas. Thia will b« ■ 
rtftraice to tbe tceaad diagnm. 

I eoDclnde tbu part of the enbject in tbe worda at i 
Calmtwl and eatcemed Gnend, Profeaeor Braude. whc-n c 
of tbe aame matter. " Mj object here has been to din 
the aubjcct of all hypothetical difficoltj. and to prea 
to tlie atadent aa inTolving a series of important pra 
applicationa, and ae fonnded on the basis of expenment." 

It ia also observed by that able practical < 
Beid, of Edinburgli, in his elements : — " Since the exia 
of chemiatry, aa a science, no principle is pointed c 
brootily connected with the whole range of its investigatio 
an the laws of combination in definite proportions. It a 
bracOH not only aonie of the roost brilliant discoveries, fa 
alco many of tho mott useful practical appUeatimia of t 
Kienoo, and has onabted the accumulated mass of facta, n 
it now onibracoif, to be reduced to 3 comparatively t 
inatic law." 
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OBSERVATIONS KXPLANATOUY 



PIAGRAMS REPRESENTING THE COMBUSTION OF CAR- 
[i DURETTED AND BI-CARBU RETTED IIYDIIOGEN. 

f Tho fo 



;, of the carburetted hydrogen. 

Tho following obBervations will en.iblo tho reader mure 
aJequately to appreciate the effect of the several chan;;«i» 
which occur during the complicated process of combustion 
of coal gas^ as shown in tho diagram. Thoy will also ossiat 
him in reoollectiiig tho relations, as to quantitieB, between 
the several bodies wliich unite during that process, and the 
eoit^Mmnds which such ({uantitiea ])roiluce. 

In the first column, to tho left, are represented the elemen- 
tary constituents of a single atom {and, proportionally, of any 
larger quantity,) of the mixed pas, carburetted k^^dror/en: and 
below it, in tho same column, those oi four atoms of atmo- 
spheric air, which we shall see is the " equivaUaC' required 
for its saturation and combustion. This column presenta us 
with an aggregate offfieen separate atoms, thus : 

Coal Gas 1 2 alollf 'SToglnr"' i ''°"> ''0"«l™«""e- 

Atmoanherie Air ! * "'^'""^ °^ Oijgen : a, supporter of combnstioD. 
^^ i B atoms of Nitrogen : neitlier combustible noraaup- 

— porter of coinbustion. 

15 atcinis. 
The second column represents these 15 atoms brought 
together, and in their combined states, namely, as coal gas 
and air. 

We see, (hy tho first column,) that the coal gas is com- 
pounde<l of two atoms of hydrogen and one atom of carbon 
vapour, which, for brevity sake, may here he called carbon. 
f elementary eoustitution of the gas should be kept in 



mini) ^lile examining the su<^(;eedin^ rhangeE ; uaoe eacb 
df tlie«o Uiree atotus, during combastion. will be foand to 
take its own road, and form its own particular iuuod and 
product.* 

In column 3 is represented the mixing or mere bringing 
togethfr of the five compound atoms, shown in «o1uniD 2. 

This peculiar kind of mixing, technically called " tfif- 
/vsiott," ie effected by the influence of some hitherto 
nn known faculty which is peculiar to all gaaeoua bodies; 
an by it, and contrary to the laws of gravity, tboae 
several atoms, which Bubsequently unite, are brought withiM 
the apheres or range o( mutual chemical action. 

This contiguity of atoms, therefore, is an essential prepara- 
tive. It is, in fact, the sins i/ua non of 8ut>se<)uent union — 
each of the throe atoms of the comiuttHilf being thua in m 
position favourable for chemical action and union with itf 
respective equivalent of the " evj>port''r' when urged to eaeh 
.v^tion by the effect of incrcaaeti temperature. 

All being so arranged, this \h the state of things and dis 
time favourable for ignition and combustion. On theneoea* 
aary heat being applied, new changes take place throughoat 
the whole. AH tho atoms are expanded ; their respective 
and relative forces of adhesion or attraction changed, and » 
new arrangement takes place, as represented in tho next 
column. 

Column 4 roprosents this new state of things, which ia, 
ill fact, the first process or stage of actual combustion; and 
which is eflTected by the decomposition, tho breaking up, or 
separation, of tho elementary constituents, both of the gaa 

> Tlio eipUnatlon lA tho ajmbati emplnyad lu giTen at foot of the diagnm) 
will Ibow Uie r»UtiTe aixe Wlil weight ntfluhaEmple or comjinDnd atam—htdrooen 
Iwliig token H Kails lot both pBrpoMs. Thaae TulatiTa proportions Kiv in oonlor- 
mlty with wliBt lu laid down by tho Hrst Britlth ohemlflts of the day. BerBelliK, 
uid the BonlinentHl shemlatB &ftsr him, have token atngcn at nnitr. The ceaaani 
Matail hy Mr. nnuidij. in hia Manool of Chemistry, appear anffleiently Kboag tn 
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iLDil the air. By this Heparation. each bus beeti enahleil to 
enter into now engagements, and attach itself to §uch portion 
or portionii of the uupporter — tlie oxyt/m. &e its peculiar tia- 
tiue and force of affinity quahfied it to adopt. 

Here wo perceive, (column 4.) that the relative quanti- 
ties of gae and air are in e\act gaturatiiy proportimu : each 
of thu tliree atoms of the comhaxtible taking its proper place, 
on heiug supplied with its duo proportion of the supporter, 
preparatory to that chemical uuiou and condensation by 
which tlio new classes of hodies are produced ; the incombus- 
tible nitrogen alone remaining unattached. 

Column 5 reprecjeuts the reaults or products of these 
unions, viz., one atom of carbonic acid from the coiiihustion 
of the one atom of carbon ; and two atoms of at|uoous vapour, 
or steam, from the combustion of tho two atoms of hydro- 
gen ; the great mass of nitrogen (eight atoms) passing away 
uncombined. 

In observing this curious arrangement by which the aatu- 
ratiou of all the combustible atoms ia efiected, we perceive, 
that the three atoms of the combustible are apportioned 
among four of tho supporter. This we see is the result of 
the one atom of carbon rec^uiring tico of tbe supporter, 
while the two of hydrogen are satisfied with <yne each. 

Now, in this arrangement, no excess or deficiency appears 
among the useful, the heat-producing ingredients. Could we 
have dispensed with, or avoided the presence of such an 
excess of mtrogm, (which is neither a combustible nor a 
supporter of combustion, but the reverse,) the several unions 
would have been less embarrassed — their combustion more 
rapid and complete — and the intensity of their action much 
increased. That, however, was impossible, the presence of 
80 large a quantity of nitrogen being the unavoidable condi- 
tion of obtaining the o.\ygeu through tho iustriimentality of 
atmospheric air. 
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t is hero tu bu observed, that tho process (if L'uiiibustioa, 

I as thus described, is the moat perfect that could, under an; 

' nrcumetanceB, take place either in a, furnace or a lamp : an; 
deviation, therefore, by nieana of excess or deficiency ; 
or from any interruption or iuterfereuce, as by the intor- 
posittoD of another ga«, muxt bo more or leaa destructive of 
the de«red effect, namely, the generation of the greatest 
quantity of available heat. 

The first iiiipression, on looking at this diagram, is that 
caused by the preponderating quantity of useleas nitrogen, 

, and the danger of forcing any part of it into union wiHh 
either of the oombuatibles. On thia head we have no 
apprehension, i/t/ie mcsetary qitantitf/ of air be mppUed, and. 
the preparatmy mixture, or diffimon be duly effected, both ^ 
which are eqwalli/ etserttial to entire eombustiim. In sack 
case, the stronger affinity which carbon and hydrogen have 
for oxygen will always secure to the latter a preference. 

But, let UB suppose the case of a deficiency of air by thi 
supply being short of what chemistry haa shown is tlw 
saturating quantity. In that case, ahouhl any poilion either 
of carbon or hydrogen, from the want of oxygen, combinv 
with nitrogen, (which, wo see, is always in excess,) 
should thus be exchanging a valuable heat-givin-g unioH^ 
for an injurious heat-absorUng ona : carbon forming cytmoggn^ 
and hydrogen forming ammonia, by such unions with the, 
disengaged nitrogen. 

The next impression which an inspection of the diagram 
produces is, that it presents to our view the exact proportions 
lir and oxygen required. This ia strikingly exhibited in 

I column 1, where we see, that if, on the one hand, there were 
any defidffncy of oxygen or air, one or other of the atoms of 
tho combustible heitig loft without a sttpporter, mnst neces- 
sarily paas away uncombined and uuconsumed ; and, on 
tho other hand, that, if there were any cJ^cess, it could be of 
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no service as a heat-giving body, from the want of a cotttr 
bvstible with which to uuite ; but would become |)OHitively 
injurious by its cooling influence and the quantity of latent 
heat it would carry out of the furnace. 

In observing column 3, we cannot avoid being struck 
with the disproportion between the largeness of the required 
volume of air comparatively with the smallness of the volume 
of gas which is to be consumed. This also suggests the 
difficulty of introducing so large a mass of air to the gcuy 
without the risk of injuriously reducing its temperature 
below the point of accension or kindling. This, in fact, 
is the main difficulty which we encounter when burning 
coal on the large scale. 

We see, however, that neither more nor less^ even to that 
of a single atom, can satisfy the condition of entire combus- 
tion ; and that it is only suffering ourselves to be deceived 
by appearances, if, from the absence of any visible black 
smoke, we imagine we have effected entire combustion, while 
any deficiency exists in the supply of air. 



To this may be added a diagram, after the mode adopted 
by Professor Brande and others, and which so clearly indi- 
cates the relative weights of the atoms employed both 
before and after combustion. 

Before combustion. Elementary mixture. Products of combustion. 



Weight. 

8 Carbnretted 
Hydrogen. 



144 Atmospheric 
Air. 



Atoms. 
1 Carbon ... 
1 Hydrogen 
1 Hydrogen 
1 Oxygen ... 
I Oxygen ... 
1 Oxygen ... 

1 Oxygen ... 
8 Nitrogen 



Weight. 




Weight. 

22 Carbonic acid. 
9 Steam. 
9 Steam. 



162 



152 



112 Uncombined 

Nitrogen. 

152 




OF THE BI-CABBURETTED HYDROGEN, 
OR OLEFIANT GAS. 



The preceding observations are all equally applicable to 
tlio diagram repreaenting tbe combustion of this gas, a por- 
tion of whicli ia always found to exist in ordinary coal gas. 

In this diagram tbe preponderating quantity o( nitrogen ia 
■till more apparent, inasmucb as tbe (juantity of air required 
for the combustion of bi-carburetted hydrogen is fiftnen times 
the volumo of the gas to be consumed, instead of t^n, as in 
the combustion of carburetted hydrogen ; the ^vhole of the 
diiforence hotwoen the two species of inflammable gas arising 
out of the addition of a tingle atom or proportion of carbon, 
OS will be seen by an inspection of the first oolumna in 
both diagrams. 

In the first column are given the elementary constituents 
of an atom of this gas and six atoms of air, that being the 
equivalent required for its saturation and uombustion. In 
the former diagram we bad an aggregate of 15 atoms: in 
this we have 22 atoms : viz.. 



I atom of tbe goa 



5 atomB of carbon vaponr I . ,, „, ... , 

2 tttoms ofhydrogeQ \ *«"'' -"""burtible. I 

6 atoms of ox.ygen the supporter of oom- 

12 atoms of nitrogen neither comboaUble nor 

sopporter of combastioa. 

23 



L^ 
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To this may also be added, a diagram corresponding with 
that of the carburetted hydrogen : thus, 

Before combustion. Elementary mixture. Products of combustion. 



Weight. Atoms. 

14 Bi-carburetted 
Hydrogen. 



Weight. 



216 Atmospheric 
Air. 



230 



Carbon ... 
Carbon ... 
Hydrogen 
Hydrogen 
f I Oxygen ... 
Oxygen ... 
Oxygen ... 
Oxygen ... 
Oxygen ... 
Oxygen ... 
12 Nitrogen...! 68 

230 




Wei^t. 
22 Carbonic acid. 
22 Carbonic acid. 

9 Steam. 

9 Steam. 



168 Uncombined 

Nitrogen. 

230 



' THE QUANTITY OF AIR REQUIRED FOI 

THE COMBUSTION OF CARBON, 
AFTER THE GAS HAS BEEN GENERATED. 






Having disposed of the iiuestioii of quantity, as regards the 
i[i[ily of air requiroil for the saturation anil combustion of 
s or gaaeous portion of coal, we have now to 
iBwer a eorreapoDdiDg ijiiestion, with reference to the car- 
part resting in a solid form on the bars of the 
and assuming a red, glowing appearance, after tbo 
nmttiir lias beeu evulved. 
^Vtj have Boeu, that, in the formation of the carburetted 
hydrogon, n consiilorablo portion of the carbonaceous con- 
■tituont of coiU has been separated and carried away by the 
jil^drugun in the gateout form : the remainder of such car- 
matter is wliat we have now to deal with, the 
as regards combustion, between these two portions 
of carbon boing ho important as to demand a special notice. 
On tho gaHOM being expelled from coal, in the retorts of 
gAB-making ostabliahmentH, the solid jmrtion which remains 
lallt'il c<))t». With reference, however, to its condition m 
furnaee, (and in which condition wo are now considering 
union with oxygen,) 1 know not what to call it; 
distinctivo tenn having been applied to it. This can 
ily be accounted for by tho fact, that this natural, indis- 
isablo division of tho process of the combustion of coals 



iu tho fumnvc bos not boca sullicieiitly iiioatitieU ur tle- 
Bcribeil by scientiBc men. 

Now, what is thJe substance for which a distinctive nune 
would be desirable, aa well for the sake of perspicuity an 
brevity, wbeu speaking of its properties and the peculiarities 
with which it enters into combustion! It is not coal, nor 
coke, uor cinders, nor carbon ; yet it partakes of many of 
tbe properties of each, although it differs from them all. 

That for which I am desirous of having a distinctive appel- 
lation, is the portion of the carbonaceous constituent of the 
coal wbicb remains on tbo bars of a funiace after the coal 
has given off its volatilizable part, and while it retains its 
red, glowing, or incandescent oharaeter, and is reiuXy to enter 
into combnstion. 

This solid matter, which, in the absence of a more precise 
term, I will call atrbcm, as involving its leading characteris- 
tic, is stated, by chemists, to be susceptible of uniting with 
oxygen in three proportions, by which three distinct bodies 
are formed, possessing distinct chemical properties. 

This peculiarity of the unions of carbon with oxygen is 
wholly unattended to in practice ; yet we shall see how ne- 
oessary it is, in considering the quantity of air to be intro- 
duced to a furnace. 

These three proportions, in which carbon unites with 
oxygen, fonn, first, carbonic acid- ; second, carJowjo oxide: 
and, third, carbonous acid (or oxalic acid.) With the first 
and second only we have to deal in the furnace, and I will, 
therefore, confine my observations to them. 

In the first, the carbon unites with two volumes of oxygen, 
filming carbonic acid ; and, in the second, with one volume, 
ttyeraSng carbonic (mde. The difference between these two 
formations is peculiarly important to our present subject. 

With respect to the first, and the quantity of air required 
for its formation, this may be said to have been already 
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dispoaed of wbea treating of the carbonaceous coDstitaeiit 
the fKU. It is true, tAat coostjtueiit t^ ooal was ia 
gateoug state, whereas what we hare now to treat of is in 
aolid stot« : this, however, as regards the quantity of K 
creates no diSerence, as the latter must itself undergo t 
process of vaporization in the act of eombustioo, for it 
only in the state of ^■3pour that it unites with o^gen a 
that we can estimate its equivalent of air.' 

Whatever weight of etdid carbon, therefore, produce! 
given quantity of gatwus carbon, in carburetted hydrogt 
(estimated by the quantity of oxygen it requires to foi 
carbonic acid,) must, necessarily, do the same in the case 
the solid carbon on the bars, which we are now considenD 
Two volumes of oxygen (or five volumes of air) are, ( 
fore, the saturating equivalent of each volume of carbo 
x'apour, as already shown ; whether such carbon hi 
been vaporized among the constituenta of the gas, or din 
from the solid carbon on the bars. 

Were carbonic acid the only product of the combnaUj 
of the carbon of the coals in the furnace, no more wot 
here have to be said ; but there is the other state in whit 
we find carbon uniting and passing away with oxygen, i 
which gives rise to considerations of the utmost importan 
in this branch of the inquiry, the object of which is i 
obtaining the greatest quantity of available heat from 
givon quantity of the carbonaceous constituent of coal, 
other state is that of carbonic oxide, the formation of whio 
in the furnace, is wholly unheeded in practice, although i 
influence on the quantity of heat obtained is very great. 

Carbonic actrf, we have seen, is a compound of one atom 
of carbon with two atoms of oxygen ; while carbonic oxida 
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is oompoaed of the name quantity of carbon with but half tbe 
above quantity of oxygen, aa in the annexed 6gure : 

Fig. 11. 

©■men, ». (({(^K))) 




Here we see, that carbonic oxide, though containing but 
one>half the quantity of oxygen, is yet of tbe same bulk or 
volume ae carbonic axnd, a circumstance of considerable im- 
portance on tbe mere question of draught, as will be here- 
after sbowu. 

Tbe quantity of oxygen here united to the carbon being 
but one-half what has been shown as its satv,rating equivalent, 
tiie consequence is, that this carbonic oxide remains still a 
oomiastihle, rather than a product of combust mi, and which is 
^lie fact. 

K, then, we require the fiill measure of heat from the 
Oombustion of this carbon, we have no alternative but to fill 
lip the measure of oxygen, by providing, and uniting with 
It, the other half, so that the product eball be carbonic 
<zcid. If this be not effected, it is clear the carbon is but 
h<df burned, for it has united with but half the quantity of 
oxygen which is essential to full combustion. 

Now, this combustion of the oxide, by its conversion into 
the acid, is as distinct an operation as tbe combustion of the 
carburetted hydrogen, and demands all the preparatory con- 
ditions in the iiirnace that the latter does : hence the 
difficulties of its combustion. 
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But tbe DKMt iin|KVt;uiC view of the i^iueetioii, and ( 
which is littlv known to pntrtitioDere outside the labontor] 
is as regMrls the Jonoittitm of this carbonic oxide : why d 
it exist in the fnrDMre i what broagfat it there ' and how I 
this combustible generated by a combustible f And this ii 
the part uf the inquiry which most reqnirea our attention. 

The first and (Hrfct effect of the naioQ of carbon i 
oxTgen is the formation of carbonic add, by the uniou ( 
both in tKituratiiiff propotiioiu ; namely, two atoms i 
rolumea of oxygen with one of carbon vapour. If, iKiwevc 
by any means we ahetrad one of ita portions of arygen, \ 
see the rem&inin<; proportion wouM then he those of carboiii 
oxide. But this we cannot effect in the fumai'e. It 
M|ual1y clear, however, that, if we can add a 
of earb&n to carlranic add, we shall arrive at the same resu] 
nninely, the liavjtig carbon and oxygen combined in eqn 
jiroportions, as we see in carbonic OJ'ida. Now, this is, j 
fact, what takes place in the furnace, and this is the moc 
in which thiH cotubusliUe ia formed — thus : 
Fig, ]2. 
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Here we see tlie additigti of but one ntoiii of carlion 
has had the oftect of doubling the bulk of the result- 
ing coni]iouiiJ by the formntion of two atoms of car- 
bonic oxide, for, as alre.-tdy absorved, the bulk of carbonic 
oxide is tho eanio as that of carbonic acid. 

Now, if these two volumes of carbonic oxide, once formed 
ia the furnace, cannot find tho portion of oxygen required 
to complete their Boiuratlng equivalent, they pass away ne- 
cessarily hut half eomumed, a circumstance wbich is con- 
stantly taking place in all furnaces where the air has to 
pass through a large body of incandescent carbonaceous 
matter. 

This, also, frequently leads to a fatal error in what is 
called the " combustion of smoke" : for if. after the formation 
of smoke, (which, in this case, means the separation of tho 
carbonaceous constituent of coal, and its aasuming a black, 
pulverulent form,) and while yet at a high temperature, it 
encounters carbonic acid, this latter, taking up an additional 
portion of carbon, is converted into carbonic oxide, as shown 
in the last example, and again becomes gaseous and invisi- 
ble, or nearly so. Thua, instead of being " burned," as is 
the ordinary phrasei it has merely changed its form and 
appearance. 

The most prevailing operation of the furnace, however, 
and by which the largest quantity of carbon is lost in the 
ehape of carbonic oxide, is thus : — The air, on entering from 
the ashpit, gives out its oxygen to the glowing carbon on the 
bars, and generates much heat in the formation of carbonic 
acid. This add, passing upwards through the body of 
incandescent, solid matter, takes up an additional portion of 
the carbon, and becomes carbonic oxide. In this state it is 
equally a claimant on the admitted air with the coal gas for 
its equivalent of oxygen ; and, in default of which, one or 
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butb pass awav, as befure meationed, uncoutbiued ami 
uuconsumed.* 

Thus, by the coarersion of the aeid into an oxide, wo gaui 
Dothing in the way of heat, while we actually lose the 
tiou of carbon taken up during such conversioa, 
are often deceived by imagining we have "humed 
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The formation of this compound — carbonic oxide, b^ 
attended by circumstances of a curious and involved i 
ture, is, probably, the cause of the prevailing ignorane 
of its propertica among unscientific men, and thoir ii 
tion to its eSccts. For, while we find, in every moat) 
the term carbonic acid, as the product of combustion, v 
hear little of carbonic oxide, one of the most waste-inducin 
compounds of the furnace. 

Under any circumstances, then, by reason of the propo 
tions of carbon and oxygen which the oxide contains, ci 
being the xalurattng one, we have not the full measure < 
heat from their union. It is, in fact, an imperfout union ^ 
carbon and oxygen, as regards combustibility, and 

I object should be to prevent its formation. 
Whatever tends to bring carbon, while at a high ten 
peratnre. into contact with carbonic acid, tends to the ] 
mation of carbonic oxide and the reconversion of an incom 
bustible into a combustible gas, at the expense of the portion 
of carbon whieli we see is the element of its conversion, and 
which becomes a pro tatiio loss, unless supplied with i 
additional volume of oxygen (equal to itself) whereby to 
fragi 



" Carbonls oxide ma; be obtalnetl by tKknamlttlDg cuboalo iMld OTer red hot' 
tragmenta of olmrcoal cuntniiHid In ud Ima or porcelaia tube, Itlieaslljlilndled 
combines with half its volume or oiyjieD, rannlag carliotiic nclit. which rd^oe Uh 
arl^nat Tolniae of the caibonio oxide. The cambuiliioD is often witneaaed inaeoks 
' charcoal Are, The earbonic acid prodac^d in tbe lewer part of the Ore ie 
id into carbooifl elide na It paaaes up tbrongb tho red hut embon."— CraJani^ 
1 Ekma-UnTChimtitTV- 
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effect its reconversion and combustion. This, however, 
under the circumstance of a furnace, can scarcely be expected. 

An important peculiarity of this gas (carbonic oxide) is, 
that, by reason of its already possessing one-half its equiva- 
lent of oxygen, it inflames at a lower temperature than the 
ordinary coai gas ; the consequence of which is, that the 
latter^ on passing into the flues, is often cooled down below 
the temperature of accension, while the former is sufficiently 
hot, even after having reached the top of the chinmey, and 
is there ignited on meeting the air. This is the cause of 
the mixed black and red flame which we see at the tops of 
chinmeys and the funnels of steam-vessels. 

We may thus set it down as a certainty, that, if the car- 
bon, either of the gas or of the solid mass on the bars, 
passes away in union with oxygen, in any other form or 
proportion than that of carbonic acid, a commensurate loss 
of heating effect is the result. 

Thus we see, that the peculiar influence which carbonic 
oxide exercises, in its formation and combustion, justifies the 
observation of Chevreul, in his '' Legons de Chimie,'*'' that, 
^^ la (xnmoisscmce de ses proprUtis est indispensable pour Men 
eannoitre le carbon.'*'* 



SECTION V. 

I OF THE QUALITY OF THE AIR ADMITTED} 
TO A FURNACE. 



When we iptak of mixing a given quantity of oxyj 
vith d )(ivuii <|unntit}' of coal gas, we do so becauae 
I kUHW tlmt lUvli tiimiitity uf tlio former is required to a 
I Hto the Inttor ; iMiJ that, by bucIi saturation, every atom 
I lofA KMC8 outer iutu tmiuu, without excess or deticieacy 
t •lllicr, prwluciiiti; ontirc, complete combustion. 

) whoLi w» sjMnk of nit.xing n given volume of atmo* 

ijillorio air with a given volume of coal gas. we do bo for tin 

I M11I0 )iur|HMt<, kuDwing that such precise quantity of air will' 

|WMvltKi the TOiiiirwl qtiantity of wypea. ' 

TIhu^ if w« know that ttto cubic foet of oxygen are-tfae 

nsnct Mturatilm miuivalcnt, or combining volume, for 

«n<oliii)| tlio viitih> combustion of mu cubio foot of coal gas, 

wo Kiu>w that Ion c\iluo fot't of atnioephcric air will efifect 

I lliff MUtii |>uv|Hw>, liooauiw tt>u cubic feot of air conbuna the 

I t*iitti(Vtl (>vt* cnbic tW*! uf wtyj^n. 

U (it iltantl^t, ihotvitlim, tliat, whou wc direct any given 
I |iHfltiw ttf Rtr U> Iw MiipKtypd. wo do ao on tbo prceomption 
Ut«t K Mtitlaiiti lU du» nuii)t1vmfut of oxygen, and that it 
K '>^ "*^'>. |>»n\ v)i\»duUor«t«M atuio«|)>h«ric air. 
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Tf, however, by nny circumetaitce, accideutal or otber* 
wise, the air we employ has either lost any portion of its 
oxygen, or is mixed with any other gas or matter, il no 
longer bears the character of pure atinoei)lioric air, and is no 
longer capable of proilucing the same effect. It ia, in fact, 
not fhe thing ice directed to he employed, and cannot Batisfy 
the condition of quantity, as to oxygen, which waa esBcntial 
to our purpose. For it must be borne in mind, that, in all 
chenucal processes, (of which combuBtio» is one,) an exeoss 
or deficiency of any of the bodies to be emjiloyed is not to 
be treated as a matter of indifference, but that, in a greater 
or leaser degree, will it mar the precise results expected. 

So in the case under consideration. 

We rei|u.ire ten cubic feet of air to supply two cubic feet 
of oxygen to effect the combustion of one cubic foot of coal 
gas ; but, if this quantity of air does not contain this 20 per 
cent, or l-^th of oxygen, it is manifest we cannot obtain it. 
The air, in this case, may be said to be vitiated or deteriorated ; 
aod in this sense is the quality of the air we employ enti- 
tled to serious consideration. 

The question, then, of complete, entire combustion is 
one mainly dependant on the quantity of oxygen to be 
obtained from any given volume of air. Hence, the necessary 
inquiry into the purity, or quality of the air we employ, and 
whether it contains its due l-5th of oxygen. For, if the 
oxygon be not in the air, how can it otherwise be obtained! 
How oan we efifect a union with a thing which is not i 

Let us now inquire how far the ordinary mode of con- 
Btraoting and managing our furnaces enables us to satisfy 
this first condition, namely, the providing pure, undeienorated, 
tmmtiated air both to tlio solid, carbonaceous portion of the 
coal on the bars, and the gaseous bituminom portion in the 
body of the furnace. 
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a ordinary practice, the supply of air to the furnace ii 
means of the ashpit ; and, with the view of giving e 
the ashpit entrance is directed to be made large, — it I 
usually the full breadth of the furnace, and of a depth fro 
3 to 5 feet. This enlarged size is given under the mist 
notion, that tho more air wo give, the better will be t 
draught — the more complete the combustion — and 
greater the quantity of heat produced.* 

In this case weaeo the introduction of air is conBidere 
tantamount to the introduction of oxygm, ; and il r 
with safety, be so considered, if there were but <m6 d( 
tion of combustible to be used. But here lies the mua.'! 
point. We have 'wo distinct kinds, and in two distinct j 
states and places ; each requiring a distinct management, J 
and a specific quantity of air, to effect its separate process rf-^ 
combustion. These two processes are, aa already described,. J 
first, the combustion of the gat filling the body of the furnace ; 
and, second, the combustion of the atAid eariim resting o 
the bar^. 

Tredgold, and most others after him, overlooking lihei 
important features in the processes "which coal undergoes i 
its progresstowards combustion, gives precise directions as ^ 
the introduction of air. He says, " The opening to adm3 
air (the ashpit) should be sufficiently large for producing t 
greatest quantity of steam that can be required, but e 
larger." Here wo find tho '■^quantity of steam'''' actually 
considered as dependant on the area of " tho yiening t 
adi/iil air" to tho ashpit, than which nothing c: 

• " A qoantlt; of air," says Trodgold, " suSeient to BOrply oxygen tm oombqd 
tioBmaattuiTe aij>™ aeceas la potMIe to ali para a/ the burning tnan" ; indtheDq 
somes to the concloiion. " Bnt abncdanee oT air wUl puna the grate if it 
donatruoted. and the nodiflmtiDa I would reoommend a describod In plaie BWond.' 
Od examiDing this plats 1 Sni] It h)u do provislnD vhateTsr tor the Introdncticai of 
air beyond the ordinary plan of a larof opm t«ftp«. Nothing can bo further from ■ 
Bonnd.JudloloosplanofintrodnoingaltthBnthoH "protHin! rules" of Tndg^d. 
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incorrect. Iii bIiowid^ tliu irnjiortanct! of a " free aC('cs« of 
wr to every part of thefuel^'' he obacn'cs, that " the area yf 
the spaces between the bars should clearly be greater thaa the 
area of the place that admits air to thejire,"" still overlooking 
the distinction between the combustion of the fias at the 
bridge, and the carbon at the bars, with the peculiar and 
distinct conditions under which those two separate processes 
are to be carried on. 

Here wo have this high authority, whose volumes are in 
every one's hands, and regarded as a standard, inaiating on a 
largo ashpit, /ree access of the air to the fuel on the bars, 
(without any allusion to the gaseous products,) and an 
ample allowance of space between the bars for the admission 
of air, and on the assumed principle that such space is to 
regulate the quantity of steam obtained. All of this la 
utterly at variance with chemical propriety, and the reverse 
of what judicious management would require. 

That Tredgold did not consider l^s point as one of trivial 
importance is manifest from the iutroductorj" paragraph to 
his chapter on "fire-places,"* and I do not quote him for 
the purpose of any contcast between a correct view of the 
" operation of burning" and that which he exhibits, but to 
show, that, S such a man could ao palpably overlook the 
diamical essentials in the combustion of the two separate 
constituents of coal, it cannot be a matter of surprise that 
mechanics, who have been taught to follow in his steps and 
adopt his laws, should have made so little advance in pei^ 
feoting onr system of furnaces. 

• " In the oomtmotion d[ flPB-plncB» for boUeis," he Dbserrcii, '■ we luivo to 
combine B7ory thing nhlotiU likely tuiidj to the effect of fuel, and toBTotil every 
tblng which tonda to diminish it as tai as jiusaible. Non. xithoat aome knowledge 
of tha natnre or the operation or biiminj;, it will scarcely he poaaible to do any 
thfaig' good except by mere accideiU. Wo should bo like aeanieo in a reisel nt Bon 
nithoat a oompasa. with aa little chance of ateeriog to the inteDdod port." 

It ia a qneatlon whether the aliaence of a compass would not lie preferable to one 
nrhieb should directly inducB us to steer a wrong course. 



I have alluded to Tredgold's directions with the view of 
pointuig attention to tliat whieb has hitherto been bo 
neglected, namely, tho two distinct operations of supplying 
air to the gas generated in tlie upper part of the furnace, 
and to the solid carbon resting ou the bars ; and also, to the 
injury caused by compelling the vihole gupplp to pass 
through the ashpit, and through such solid carbon ; by which. 
not only a deficiency of oxygen is occasioned in the air which 
goes to the gas, but an undue and injurious urging of the com- 
bustion of the carbonaceous matter, and the consequent 
melting of tho bars." 

Indeed, all that seems to be concluded in practice is, 
that oxygen is essential to combustion :— that proridiog 
a snfficency of air is providing a sufficiency of ojygen ; — and 
that, if air be admitted to "t/ie fual," it will do its duty and 
work out the jtrocoas of combustion satisfactorily, in its own 
way. Ileuce the great neglect of the chemical conditions of 
couibustion, and the nuny errors and abflurdities of the 
present practice. 

For can there bo a more absurd practice than is Involved 
in this single position, namely, that we rcquiro a gives J 
quantity o^ pure air for the combustion of the coal gas genei^ 
rated in the furnace, yot compel that air to paed through tb 
bars and body of solid incandescent combustible inatti 
resting upon them ; by which it is necessarily deteriorate] 
in quality from the loss of much, if not the whole, of tlw 
oxyjjen for which alone the air is employed, and yet expeof; | 

' "Tp HnceeaiJ in GonaamingthH combustlblugMeH," ubBorres TredgoH. ' 
neoesawy that they mii with air that has bocome liot. by pMSlng Wronirt. o« 
iimanil Hit! fiml ichiOi Aua ceaied to smoke : the worila of tho patent of Mr. Wlill 



Here there can bo no mistake, ;et nothing csn be n: 
in prlocipie. The ineTitshle resuit of tills operation wouM be, first, the dt 
the air, more urleaa, of its oxygen; and, aeoonil, by urging tbiB increaaed qi 
otair to act iilie a blast on auob red-hot fuel, lu eonani 
lnJnriona rapid ity. 
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', f\ill combustion of the gascouB matter, contrar)' to sll 
cliemii^al experience, from such vitiateii air.* 

In illustration of this, let us suppose tliat lOU represents 
tlie quantity of air required per minute for the perfect com- 
bustion of the gaseous proiluctM at tlie hrid^'e ; and that 200 
represents the quantity required for the use of the carbon on 
the bars. Let us further suppose, that, instead of scndinj^ 
each of those quantities separately to perform its respective 
duty, by giving up its constituent oxygen to its proper 
uombnstible, (and for which express duty it was employed,) 
we sent the mUirf) of both quantities, say 300, through such 
solid burning mass of carbon, necessarily impelling this latter 
to an increased and undue action and energy. Can we doubt 
that the result would be the vitiating the air intended for the 
gaseous i:ombnstibles, and that this first quantity, this 100, 
would not contain its due portion of oxygen I 

For what is this increased action of the carbon on the 
bars but increased combustion I and what is that but an 
increased absorption of oxygen I the verj- oxygen which had 
been iutended for a different purpose. This catuiut be 
denied, neither will it, that the direct result is to deteriorate 
the quality of the 100 measures of air thus sent by an im- 
proper route to the gaseous constituent of the coal. 



* Mr. Josiah Pwkea hu cloirly pflintetl out the ininrj uaasod by BJInvrtng tho 
lUr to be thtia " rLtfated." Ho obAerrea, " I freqiuntly fonnd the Bmolce increAflod 
b; tbe admlMiou of tlie air, anil abacrrefl tliopi«uure of aleaai Co fall in aonae- 
qn«nce. I vns perplexed, bat the Mnilr of Davy, at leagtti. fumialied me with tbe 
nine lor cxtrioatiDg ujaulf from the labyrlDth. 1 perceived that the coodltloiu upon 
vrbJdh queeesB depended were not fiitflLled. and that faitoie vaa DiUTOidabLe : that 
theaErmiurt beg^veadirvcll^toVieuatfifl'iBiPdga'i; v^roK it /tad become ritirUed tiif 
paurtiv o^f i^ injUimeii fofV—Trataiuiima of Civil Enginrert. ToL U, page Z 

This la the maJn cause oC the olr being vitiated : yet. as I Hhnll abandaotly ihow 
hereafter, many [lateuti continue to bo taken out eipcesaly for effbctins tW» tbtj 
purpose, which Mr. ParkeB pmctimlly liemouetralffll was leading to " unavoiilabla 
tolluro.- Indeed, I have found, in Mr. Partes' tract", poblished near twenty 
yeacs agii, Che drst indications of the trne prlnciplos on which cBLtitlTe CDiaLiutlDa 
can be effected in v/urmce. 




%l US suppose snothor case, one of laboratory practice ; 
that of ascertaiDing the largest quantity of carbonic acid 
and water that could bo produced from any givoa ijuantity 
of coal gas and air, (for this is, in fact, what we desire to 
effect in the furnace.) 

After udjufiting our apparatus, and measuring the propor- 
tions of gas to be operated on, and air to bo mixed with it^fl 
Boppose we should discover that tho latter, instead of beinj 
pure atmosjthcric air, had bcon the product of some previot 
experiment or operation, in which it had been mixed v 
ignited carbon. What would the veriest tyro of the lal 
ratory say ! Would he not reject the whole as unsatiafae 
tory, and begin again, requiring the air to be brought I 
an unWtiated source ? 

Yet, this is our daily practice. We bring air to tbej 
gases which has already been employed in a separate a 
even destructive iirocess, and yot expect the result to 1 
satisfactory and the combustion complete. And when i! 
find, instead of producing carbonic acid and water, that H 
have produced a large volume of amoi^e — of unconsumed « 
bustible matter — we then set about inventing a process | 
which this tmoie in to be conswin^d, and tho evil wo 1 
ourselves produced corrected ! 

From what has been said, we perceive that the questioiu 
otqualiti/ depends on keeping the supply of air intended foj 
the UBO of the gas distinct from tliat which is intended !caM 
the use of the carbon on the bars, and allowing each to doj 
its duty without the risk of interference from the oth 
either as to quantity, or the abstraction of its oxygen. 



SECTION VI. 



OF THE INCORPORATION OF AIR WITH 

COAL GAS, 

AND THE TIME REQUIRED FOR EFFECTING 

THE SAME. 



Having disposed of the questions regarding the quaivtity 
and quality of the air to be admitted to given quantities of 
coal gas, our next consideration is, the effecting such a mix- 
ture of those relative quantities (preparatory to their chemi- 
cal union) as is required by their respective natures for ef- 
fective combustion. 

We have seen, that the quantity of air admitted to a fur- 
nace, whether plus or minus what is rigidly due to chemical 
wnion^ exercises a proportional influence on the quantity of the 
combustible which may be rendered available : we have now 
to consider that which will be found to exercise a still greater 
influence, namely, the degree of incorporation which can 
be effected between the bodies to be mixed and the time re- 
quired for effecting it. 

Now, this joint question, as to time and degree^ is even 
more important than the previous one of quantity^ inasmuch 
as the latter involves nierely the amount of capability afford- 
ed to the combustible ; whereas, the former involves the 
more comprehensive one, whether such quantity, or, indeed, 
any quantity, can be made available or not. 
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The positions whicli I propose illustrating in this s 
are, first, tliat the character and efficiency of the combuB^oi 
[■ that is to ensue will depend chiefly on the degree of incorpo-l 
I ntion we are enabled to produce between the gas and tha^ 
|«ir : second, that this (juestiou of degree depends on that ofB 
I iim«t — practicabtti, aeailahle time- ; and, third, that wxmt o/^ 
I fv/W, for this special purpose, is the groat evil of the fumaoe. 
In considering this most important branch of the subject, 
I books furnish me with no direct information. This may be4 
I'lracod to the circumstance, that, in the laboratory, fromi 
I'Wbieh all our experimental illustrations come, the watit of 
fiime, in the view here referred to, has not been felt as an in- j 
I jury or even inconvenience: and when we consider the com- 
paratively small scale of laboratory operations, it will not ap- ! 
appear remarkable, that the question oi' time has not had a«J 
more special notice. We do indeed find, in instructions to •] 
beginners, sufficiently strong and pertinent cautions to hav^J 
[ (he bodies intended for chemical union " imll incorporatetT'^f 
land '■'■ thoroug/Jdy mixed"; and such like hints towards mani-4 
I pulatory perfection ; but what this thorough inco rporation^ 
I means, or what it is precisely to effect, has not been s 
I oiently explained. 

As hints of this kind do not appear to have been attended^ 
hy praetitioners on a large aeaU, though considered essen-T 
Ftial to exp^metttors on the small one, it is advisable to show 
how that which has not demanded a more special notice in 1 
the laboratory operations is, nevertheless, a most important J 
circumstance in those of the furnace ; and tliat the impossi- 
bility of effecting that perfect combustion on tho large scale, 
which every chemist is able to effect on the small scale, is ] 
mainly attributable to this hitherto neglected feature, — the 
want of that time which nature requires in what may be 
correctly termed her own manipulations, and in working out 
^Icr own purposes. 
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a awaru, thut this is taking a now view of the c 
imperfect combustion ; but I am urging no new principle, 
I am but following nature through her several »<tageB and 
processes, and esaniining each with a view towanlB remlor- 
ing the arrangements of our furnaces ancillary to such 



It seema taken for granted, in practice on the large ecalc, 
that, if air, by any means, be introduced to " the fuel in tlie 
forpace," it will, as a niattcr of course, mix with the gas, gr 
other combustible, in a, proper mailuer, and assume the 
state suitable for comhustion, whatever be the nature or 
state of such fuel, and without any regard to time or other 
ciroumstancee. In fact, tliat we need give ourselves no 
trouble about what is nature's peculiar province : and, 
therefore, no one irn^uires whether time, or preparation, or 
any thing be required on our part beyond tlio mere bringing 
the air and fuel together ; or, rather, leaving the air to find 
its own way, or not, as circuuistances may permit. Yet, as 
well might it bo said, that bringing togethop given quan- 
tities of nitre, sulphur, and charcoal, in masses, was sufficient 
for the constitution of gunpowder. It is tlie proper distribu- 
tion,- mixing, and incorporation of the respective elementary 
atoms of tlioae masses which impart efficiency and sinndta^ 
neousnoss of action: and so, also, in the bringing mixed 
bodies of different Itinds of gases into a state of preparation 
for efficient and simultaneous combustion. 

In operating in the laboratory, when we mix a measured 
jar of an inflammable gas with a due complement of oxygen 
gas, the operation being performed leisurely, sufficient 
opportunity for their duo incorporation necessarily follows, 
and no question as to the mitit of time arises. On the 
mixture being effected, it is fired, and the combustion which 
follows is so complete that every atom of the one gas will be 



fuiiud to liavc entered into union witli its et^uivaleut ato 
of the otlier. 

In this operal.ioii tho quantities are small : both bodie^s are 
gaaDoiu: (here is no counteracting or disturbing ioduei 
from the presence of other matter : the relative quanUtie 
of both gases are in saturating proportions ; and, above a 
tile bodies to bo mixed are so unaffected by eiirrent 6 
draught that tho la'^s which regulate the di£fusioD of j 
buve free scope to act. 

Dut compare this correct, careful, and deliberate ] 
mtnry operation with what takes place in tho furnace. 
the quantities in this latter case are large ; second, t 
bodies to be consumed are partly gaseous, partly 
third, tho gusoa evolved from the coal are never bom 
^enoons, being part combustible and part incombustiblq 
fourth, these gitsea, as thoy pass over the mass of glow: 
matter on the bars, are forced into connexion with a la 
and ofton overwhelming quantity of the products of t 
biistion from such glowing matter, chiefly carbonic i 
fifth, tho very air introduced is itself deteriorated in pof 
through the bars and incandoacont fuel on them, and t 
deprived of much of its oxygon; sixth, and above all, t 
gases to be mixed, instead of being allowed to reiiiaiii I 
suitable time in presence of the due proportion of air, (as 
tho laboratory process,) by which their difl'usiou would hi 
been favoured, are hurried away by tbe current or » 
in large masses, many cubic feet being generated in evai 
instant of time- 
All these circumstances seriously impede the process i 
mixing : and it may be asked, how such masses, under bu<J 
counteracting influences, could possibly become iiicorporated|l 
or bow their several atoms or divisions, during their fiigi 
into the cooling region of the flues, could be enabled to selei 
and seize on, each its respective portions of the supporter, j 




uly aarange theinselvcs for chemical union ; ftni! all, as 
it were, on the instant ; in op|>osition to the (;ounterwtin(; 
force of the current carrj'uig them out of the influence of 
the required teraporature of igaition, without which, any 
saiseqiwiit incorporation would be useless.* 

Some portions of air, it is true, do come into contact with 
the gas, and are ignited, but we have yet to learn how much 
larger is the quantity which is carried away unincorporated 
with air ; and even how much the calorific effect of what 
IB consumed has been deteriorated. 

As this division of the subject must be new to unacientifit; 
readers, it will require more detail and illustmtion. 

We have seen, that the complete combustion of a body de- 
pends on the chemical union of its atoms, or elementary divi- 
sions, with their respective ei|uivaleutH of the supporter, 
osygen ;-f and which neccsBarily implies the hrinning toge- 
ther., mixing, and duly aranging such atoms, previously to tho 
mixture being fii-ed for comhuatioii. 

Two questions hero naturally arise. First, in what man- 
ner, or by what power or influence, ia this intimate incorpo- 
ration to be effected; and, second, what interval of time is 
required for its completion. 

The first question ia the most difficult and complicated. 
It involves the whole theory of the diffusion of gases, and 1 

tniellen to Gonen haie omiltod Tisiiing the Hpot. The riicr Khmio, after 
pasaing Ihrongh Geneys, receives the waters of the river Alle : the former being 
remtiTliablr transparent, Ttthi decidedly hlOflCDlonr. vhereu, those of the Atrc are 
vpaqne, preaentlcg the appeanuise of a tnlxture of ehslk and ntei^ and. notnltb- 
■tanding that thia latter hiterseeti the Rhone at right angles, they mn aide bj side 
for a eaiulilerabla distance, presentlDg the ourioos kBbisX, of u mudd; ichite stream 
OB the lefI1]iuik, nod (t clear blue atream on the right. 

I We ore not to suppose that oxrgeB is the onlyaupjiorter of combustion. There 
areseveralothers, ttSDhlorine, forlnstanee. On thiahead, howerer, the reader will 
Bnd mfficient information in Brandei Mmmal, or in an! other work of authorltj- 



■B noi entering upon it ; 
iIk ■«■««»», far fng6ai pnrpOHS, it U not essential. 
«• «• tafitd «■ to *dnit u, Ast. if combustion mean i 
chaaieil ■bm* of &e wi haa dbk mkI the aapporter, 1 
■MOM Mnt imvln uHitigiiitj and arrangement of the i 
•dbMMtt to be untcJ. aecnrdin^ to moie fixed, elements 
hvn: bol in «int fann or order of colloi»tinn, or by v 
B of miBer, this uno^enient of atoms al 
t DOW be inquired into. 
1W Mwi ^aMOM, lirw w»r. namel}', what iutervala 
tlNW it tK^vind tar t<aB)|ilMing this urangement betwel 
As bIomMWT atans of the bodies to be mixed, is of « 
v«cy w w w * «f tin htqairy. with » view to practice, i 
HHMt W fapeally and cfaemiadly ejuunined. 

W* bifin bv ttkii^ fcr ^nnted, th»t the atoms a 
g MWM M bodies aboui lo b» tnised are endowed withext 
nobility uKW m ; thai is. the pow«r of movinjg with tl 
nMMt EkeilitT antonj^ th^uiK-lroa; and tlmt by mea 
an<ch piivrvr. and that pccidiar a^ncy n-hich regulates t1 
iHowmenls, the atonis of ono class of constituents ^ 
drawn lowanis those of tlie others %vith which thoy a 
■|ieetively tofomi imions, either into actual contact. orwitM 
Mine given sphere of mutual influence, preparatory to t 
chemical action on each other." 

To urge the necessity for this previous condition of ci 
or proximity would scarcely appear called for ; but, as tW 
branch of the uiquiry is of the utmost importance, in a pra| 
tical point of view, and that we may take nothing for granted 
a short illnstratton may be useful. 

• DiHtDi Iteiil, in apeukins of "oheDiicoI Bctlon," lufs don 
Blnong tho gonersl rv 



I apeukinsor "oht 

lea lij' whleli it ia g<' 

-" dU chomicnl adtlon conaistB 

It pfficluKS^ hnmfflil Into (Ae nmrw 

ition of thoK th&t mar h&ve pntin 

>3.— " No diemlonl action con ensui 



nthamoni intinnLte union of particles oCH 

posKiUe cojtlart by mixture; or 
ibI; been sttiubed to each otliei." 

where the materblg ue not bnn^t lato^^ 
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Liet us take the familiar instance of the combustion of a 
number of grains of gunpowder. We place tbcm together, 
in amkict^ and on approaching a body of the due tempera- 
ture for Ignition, combustion ensues ; and the inter>'als of time 
occupied by the transmission of heat, from grain to grain, 
being inappreciable by our senses, the combustion has the 
effect of bemg simultaneous. 

But let us alter the arrangement or collocation of the 
several grains. Let them be placed eansectUively in the 
nature of a trains so as to establish certain distances between 
them. Under this arrangement, combustion will no longer 
be ffimultaneotUy and an appreciable interval will occur 
between the combustion of the several grains. Let us fur- 
ther suppose, that, at some part of the series, the distance 
between some of the grains was greater than mutual action 
or influence demanded. In that case we cannot doubt 
that the interruption created by such distances would stop- 
the continuousness of the combustion, and that the grains 
thus separated would escape combustion. 

This illustration, it is to be observed, is without reference 
to chemical action between the atoms or grains. 

Let us now apply it to the case before us. Let us suppose 
an atom of hydrogen gas and an atom of oxygen gas brought 
together, as in the annexed figure, or with that kind of 
contact which is denominated mechanical^ in opposition to 
chemical^ and such as a drop of water and a drop of oil would 
exhibit when brought together : that is, by mere adhesion, 
without producing any change of individual character. 

Fig. 14. 




nydrogon, _^ _ 

-^,r—=-=^ — ._ C^ Steam. 

Oxygen, 





On beat being applied, cbeiuica) action will be inducE 
and cbemical uoion instanianeously oiTwted between th^n. 
By this uuion. a new body, jfwfer, (or ratber, steam first, ^j)(/ 
then, water, by condensation.) will be formed, possessii^ 
neither tlie properties of hydrogen nor oxygen. Their pre- 
rious states of electricity will be found to be changed: their 
previous joint bulL, or volume, reduced one-tbird : congidsr- 
able heat will be evolved during tbe process of uniting; and 
this, strictly speaking, is eombu»tioii.* Here we know, that, 
previous to their forming a union, the two atoms were iu 
contact, " tbe closest possible contact," meaning within the 
spheres oftlieir respective affiuitioa and action — chemical or 
electrical, or whatever it may bo which operates with such 
powerful and instAulaneous force; and equal, in point of in- 
tensity and rapidity, to what wo know of electricity. 

Hut. Ciin wo have a doubt, if tbey bad tiot been so in con- 
tact, or within such range of action, that no union would 
have been effected i no change of character would have been 
induced iu either! that oo heat would have been evolved! 

• Ttia iUw)oT(T<r of (lie eompoaitloD of iral«r, one of the most Imparhuib in tbe 
fleUsw of ohmlitrT. WH nadB bl Uis calebnted WsK. la the jeir 17(^7^ uidbU 
nMlv^oan v^« nhneqacDtlj donflrmed ud iUqfflntiid b; Caveiidi«h, iTj 17SS- 

WImd tut totinHea ot pore fajdrcEen gH ■» nixed vlth one Tolumo at pan 
OSjrRen gu, ud tho mlxtniB inflamed In a propet ■pponttns by the elcotrio 
■]iwk, the gaae* Mtiill; ilimppear, and the Interior of tho lesiol Is eoyered iritll 
drop* of pate water, rqiul in iceli/litto lit gnses conromed. Again, 

[(pareVKtBrbaeipoBiidtotlieutiDnoIfoltaloelectiicltj.lt la resol*ad iuU 
Jito voiiinn of hydrogen, dlBengafied at the oopitiro polo, and one coIiiBwof oxygtai, 
diaangngeA at the positive polet so that V4ter la tbiu proyed, hjs^mtJufsisraiihj 
anaifislt, ta oonalit of tvo Tolumcs of hydrogen eombtnod with one f oloma oT 
oxjgen. The ipoclfic Krailtj of hydroeen, eompariKl «lth otyiiea. is aa I tola: 
these Diunlnni, ttaererorc. represent the eompatMlTe irclghti of equal votuvui of 
thoBegaaes; bat, a? vator conelstaof one ts^ame of hydropf*7i and Jitdf a voCuaaqf 
ojyp™, it is obTlons, (hat the relatWe iceiglit of those elements wiU be a> 1 to 8, of 
at follows : 

Hfdrogeii 1 atom I b; weight pereeiit. ll'l.. ...b; vol. l-o 

Oxygen 1 do. 6 do. do. mv do. »■& 

Waler I « MO l-O 

-Vnuidc-tUanuali^CheHtiify. p. S51 
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3 no chemical action have uken place i This we can no 
»nore doubt than that,!n tlieordiiiarycxporimcnt of bringing 
tbe kauckle to the ball of an electric machine to receive the 
uliargo, DO electricity will pass noless the knuckle be brongbt 
into contact, or wilkin the sphere o/ei«aric influtnet. 

Theae facta must be borne in mind, this precious contact 
or contiguity of the respective and combining atoms of gnso- 
ouB bodies being tbe key to the wbolo of tbe myaterioua pro- 
cess of combuetion. 

But the question of tune is now before us ; and, to ap]>Iy 
the illustration, we vawit extend it. from tba case of iingle 
gaseous atoms, to that of masses or hoitiet of gases, each con 
taining numberless atoms ; for it is only in the mixing and 
iaoorporating of such that time can bo an object. 

Let us, then, suppose diagram 3 to represent a body of 
hydrogen gas and a body of oxygen gas, brought together 
for the purpose of chemical union and combustion, in the 
proportiona strictly required for farming steam or water; 
that is, the one being rqual to the other aa to tbe number of 
atom^, bnt doithU aa to hulk or volume ; say in the ratio of 
200 to XOO {as in the example already given) ; and this 
double relation of the two masses mnst necessarily be the 
same if that of their atotns be so, and vice versa. 

Let figure 16 represent a section of this body of hydrogen, 
and figure 17 of the body of oxygon. Our object being to 
effect chemical union between these two bodies, what ia to 
be done? To this question practice saya, bring them 
together ; apply the necessary degree of heat, and combus- 
tion will follow : but ckemiitry saya more. Chemistry tella 
MS, it ia only the masses that are brought together : that 
it is not the masses, but their elementary atoms or com- 
ponant parts that are to combine ; and, therefore, that it is 
these latter which avo to be brought, respectively, into con- 
Uct, so that each pair of atoms may be in a condition 
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I'avDurable for miitual action anil union. Figure IS i 
Bonts such state of iucorporatiou and proximity of i 
ooiubining pairs of atoin.% and figure 19 the product of thi 
oombuBtion, namely, a volume of uteam, of the bulk of i 
hydrogen employed, and of the oxMt weight of the til 
combining masses — not a single atom of either rem»ini]| 
uuHaturatod or uncombined. This, then, is perfect i 
bustiwt. 

If this Incorporation bo properly effected, that which t 
plftoo with the ono pair of atoms (see figure li) will i 
tanoously take place over tha whide; and this com 
correct idea of the kind and degree of incorporation whi 
chemistry demands. 

1 here agnin ask, can we have a doubt, that, if t 
Atoms of each double set had not been thus respectivelyfl 
contact, or within the range of nnitual action, as illustratq 
by figure 18, aimultaiieoiie or outiro combustion would i 
have taken place ;* and that such atoms as might have bw 
beyond such sphere of chemical action would have remaini 
uncombinod and uneonsuraed, as in the case of those g 
of gunpowder which wero separated, and beyond 
requirod distance for the transmission of heat. 

4 Id the «eToral flgurei or ^rroupfai^B [ shall tiBe. doBciibiu^ tho imtonn 
atatw af laoorporBtloD before oombniUoD. 1 need honlly sn)'. that 1 da not at 
^YO the aotual form or mede la whieh the uTenl iLtDnu nuige tbemwlvei. 
wo oim aeTer know ; uid, indeiMl, It It etideut that those of each group of 
ma; be otherwlee planed, uid ifet produce the suae contlgult;. AU i ntgo is. t1 
the itonia of each roapectlie group vhlcb are to uaita maat. beCaro Bring, be ell 
In ulniJ eontaet, ur withia some given sphere uf mutual InUuenoa, previous! 
tlioir lusting on eaoh other ; and, sa already oljeerred, nlien wo would reoeito 1 
Eliargo by bringing the knncklvs to the bsU of an electric machine. 

Mr. Eethuul ebserres, with respect to the mlitnre of particles of different kiiu 
■■ Tbo same difforenoo in their attraotlons and repulalona wlU produce the sa 
eSlwt of arranging ouch set ii/tiBiietrtB^, so that the medium wiU stUl be oi 
uaeqnal BjmimetrT. Now, whatever bo the number of partlolee united, suahls 
nature of the forces, that the ajstem oamiat remain In equilibrium 
stabto equilibrium, eicopt ihe difercst lets of naHidta have orraoguiDenta oi 
to Ewh other, and bo dlitributod Uutl there in a regular teourrencs of Che n 
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will be ob§orved, that tlie i(Ui}(ttiun of titiu, the im- 
portance of which I am now urginjj, has no referenco to Uio 
interval employed iu the act of contl/tution — tliat bcitif; 
instantaneous and simultaneous ; but refertt exuluaively to 
that required for the preparatory mixing and iocorpmating ; 
begimiiiig at the moment when the maaaes arc brought 
together, until cumplete diffhuion lia» been oFfected. and tbo 
arrangemeot of their elementary atoms haa become uniform 
and complete throughout, and ready for firing. 

But how is tlus kind, or degree of mixing to be brought 
about between bodies of such different specific gravities, see- 
ing that a light licjuid will Hoat on the surface of a heavier 
oue, and will not mingle unless agitated f 

Fortunately, the laws which govern the motion of gaseous 
bodies arc different from thoiso of li<[uids; since tbo lawa 
of gravity, which influence the latter, apj>eBr to bo over- 
borne by some other law or force, in the case of tlio former. 

Nature, then, by her own laws, in hor own way, and in 
her own due thne, will, if not impeded, produce that precise 
state of perfect incorporation which we see is essential to 
combustion, but which could uot otherwise have been brought 
about by any degree of mechanical agitation. How this 
is effected — under what law, or by what inHuencc, involves 
the consideration of that intricate branch of chemical inquiry, 
designated by the term the " diffusion of rjasea.'''' 

This subject, as already observed, was first alluded to, and 
these facts, (now admitted by all chemists,) first explained 
by that able philosopher, Dalton ; and to this day the sub- 
ject continues to engage the attention of the ablest men of 
the age. 

On this inquiry, I have said I am not going to enter, nei- 
ther shall I venture to add any hypothesis of my own. I 
will here only refer to the admitted facts. 1st. That, if two 
bodies of dissimilar gases be brought together, they will, i/ 



dm» ruM b« aUotced, efTecC a nnironii »iiil ^enenLl iiicQr|jora 
ftinoDg their respective elementary atoms.* 2d. That ( 
the case of the admixture of a combuatible and a atippt 
(rf combustion) on the degree and comploteiiess of the inffl 
poration will depoud the rapidity and intensity of their che- 
mical action and the quantity of available boat evolved : and, 
3d, That, by such chemical action, no greater quantity of 
either t>odieB will enter into union or combustion than what 
is rigidly due to the laturating equiealent of each. But to 
return. 

Let U8 now go a step further and show an arrangement 
of the atoms of a combustible with its supporter, where they 
are dUproportloaed in number. Let us take carbon vapour, 
(tlie other combustible in coal gas,) and its equivalent of 
oxygen, see diagram Jr ; namely, two aLoius of osygen to o 
of carbon vapour. Fig. 20 reprcscnta the body of Ci 
fig. 21 that of tbo oxygon — double tlie bulk of the forn 
fig. 22 shows the arrangement or mixture proviouslj) 
firing for combustion; and fig. 23 the resulting pro 
after combustion, namely, carbonic acid. 

Here, aa in the preceding case, not a single atom of eiltrar ' 
bodies remains unattached. Thlg, also, is perfect comhudion. 
The next illustration (diagram 5) is still more important. 
We have hitherto taken oxygeu alone to effect combustion 
with the combustible ; but, as wo cannot obtain that 
ingredient by itsolf, we must take it as we find it in 
atmospheric air. Fig. 2-i represents a body of hydrogen 
equal to that in the first illustration, (diagram 3) ; fig. 25, 
the body of air suffioient to supply its saturating equivalent 
of oxygen ; fig. 26, the preparatory mixture ready for firing ; 
fig. 27, the resulting products of combustion — steam ; fig. 28 

* Mr. Kellnnd obBerTea, pn>1>lem 87, " The natarc at gOKioua bodies is nidi 
Hint, it uniturailty u to be eipectod at ^1. we abunld naturntlf ba Induced t« seek 
It in them ; vid, what \k more suCinbotor;, nil giuenufl bodies Kt aiinllarl; under 
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being the boily of nitrogon ilisengageJ from tbe air aftor 
the oxygen liad been abati'acteij by the hytlrogen. 

It is here to be observed, th.it the only difference between 
this and the preceding example is, that there we naed pure 
oxygen, and here we use air. This, however, makes ub 
acquainted with the cause of the increased quantity and 
iatensity of heat produced by tho combustion of hydrogen 
gas in oxygen, above what is produced by its combustion in 
air ; althuugh the quantities, both of the combustible and the 
supporter, have been the same in both cnses. This differ- 
ence ariaos solely from the interposition of bo large a portion 
of useless heat-absorbing nitrogen.* 

The next illustration (diagram 6) Is that of the mixture 
and combustion of carbon vapour i» air, and here also we 
find a corresponding difference, in effect, between the em- 
ployment of oxygen and air. Fig. 29 represents a body of 
carbon vapour ; fig. 30, a body of air, supplj-ing the requisite 
quantity of oxygen ; fig. 31, tho preparatory m.ixture before 
combustion ; fig, 32, the resulting body of carbonic acid ; 
and fig, 33, the nitrogen of the air passing off uncombined. 
We see that this example, and that given in diagram 4, are 
the same in every respect with theexcepfioa ofths nitrogen. 

Having shown the separate combustion of hydrogen and 
carbon in oxygen, and in air, our next step is to show the 
combustion of hoth combustibles, in the combined state of 
coal gas, and this brings us to vrhat we have to deal with in 
ihefumare. 

■ " Le gnz Kdsiift produit, pur la ootobnation, ana chaJcor beanconp pini tWo 
qns Voir almioiihtTi'im, parcequeleffax aarfe »o Vl parlaac pm B»oc tea com- 
IriDalwiiis."— BvrlAsiMf, Tol. I, ra. 

BenuUm also Dbwrrea, " Cello a' est jaoiAla plan forte qna dBa.i Ic gnz oilgeae 

lue&otion, ou por io THcJoitfi! aPM HB (Ml Itrasga', plna bubsI laohalBiir qnl so do- 
TOioppB pendant 1» eombostioii eat Suble, Cast pom natto nilaonqn'Qii oorpa qai 
trUe dana fur J repDud nuiint da Dhaleur, pans qua U roxlgene aa trouve miii 
owo une qnaititi de nitmgiae quadruple 4e la lienne." 
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Lot U8. however, follow the same course, firat showing t 
comhustioii iii ory^en, and afterwards in air, (diagram 7 
Fig. 34 |)rosonte os with a. body of the coal gae (carburatt 
hydrogen) ; fig, 35, its equivalent of oxygen ; fig. 3fi, their 
mixture proparatory to being fired ; and figs. 37 and 38, the 
products of tionibuation. viz., 1 volume of carbonic acid, and 
i voluiiius of BtCUUl. 

This latter illuBtration gives us precisely the mixture ef- 
fected by Mr, tfumoy's admirable and scientific arrangement 
in what is called the " Bude light." and with which it is pro- 
posed to illuminate the Houses of Parliament, and our coast 
lightliousen. In this the superior intensity of tlie light is 
caused by the absence of nitrogen, and the consequent facility 
nfibrded to the atoms of the combustible gas and the oxygen 
to become more intimately ineorjwrated before combustion. 

The last illuHtration of the series brings us to the state of 
things we have to encounter in the furnace, namely, the mix- 
ture and combustion of a body of coal gas with its equivaleoi , 
of oxygen a» md with in atmospheric air, (diagram 8.) 

Fig. 39 ropresonta a body of coal gas (the same as in thS'l 
preceding example) ; fig. 40, the required quantity of aiiv-J 
say 10 times the bulk of the gas, to give the required qnan^.J 
tity of oxygen ; fig. 41 , their previous mixture ; figs. 42 a 
43, the product of combustion from the 3 constituents ( 
the gas ; and fig. 44, the disengaged and uncombinod nitrogen, ■ 

And here we cannot but be impressed with the importanod 
of time for effecting the previous mixture aud incorporatioBB 
of the air and the gas, so as to give the necessary contact, i 
juxtaposition of the respective atoms of each group, i 
account of the enormous disproportion between the bulk o 
th&oxygm employed in the previous example, and that of tl 
atmospheric air employed in the present ; the latter beingfive ■ 
times greater than the former, although the quantities ot 
oxygmi. are the same in both. 
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For the purpose of haviii;^ these nevoral illiiHtratioiiu under 
the eye at oneo, in their progressive order, and for the Hake 
of reference, I here enumerate them, with the rehitive vohunes 
of the combustible and the sup])oi'ter employed in each. 



No, of IngredienU Relative 

Diagram, employed, tvlumeji, 

8. Hydrogen and oxygen/ 

4. Carbon and oxy^n, 

5. Hydrogen and air^ 

6. Carbon and air, 

7. Coal gas and oxygen, 
fiL Coal gas and air. 



ConiMialf 
I doublo 
the latter j 24 times 
being ) 5 times 
double 



L 10 times > 



the volume of 
the former. 



Looking at these curious, symmetrically arranged groups, 
particularly the last, in which carbon and hydrogen, oxygen 
and nitrogen are to be so mixed that no atom of either com- 
bustible shall be so distant from its e([uivalent of the sup- 
porter as to escape chemical union on being fired ; remem- 
bering, also, that these four gases, when brought together for 
mixture, are all diflFerent, not only in specific gravity, but in 
their capacities for heat, we cannot resist the conclusion, 
that more time is required than is compatible with the 
present arrangements of our furnaces, for effecting that me- 
chanical intermixture of their elements which will enable 
them electrically, or chemically, to combine and give out 
heat by producing perfect combustion ; that is, the combus- 
tion of every atom of the mass. Indeed, without sufficient 
time, nothing short of a miracle could satisfy the required 
extent of diffusion. Nature, however, does not work by 
miracles, but by defined laws and progressive means. 

The impression on men'*s minds, as already observed, out- 
side the laboratory, is, that the proper degree of mixing will 
be brought about naturally, and as expeditiously as combus- 
tion requires ; and that it is only by a refinement of calculation 
we suppose time or other circumstances are required after 
the bodies of gas and air are brought together. Indeed, no 
other reason can be adduced for the neglect, on the large 

L 
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BC&le of llio funiai^c, of &U effort to efTtict this mixture ; 
wo cannot sii]>posc that men, awaro of its uecoasity, woa 
omit all effort to aceompliah it. 

Now, this is the great error I am combating; ; and, as I 
more valiio, under the conviction of its laijiortaDce, i 
necessity of having more liaie tlian ordinary furnaces pern 
in producing that aymmotrj- in the atomic groups, as sliowoj 
the preceding examples, I will examine some of the evideiM 
we have, on the necessity fur this required contiguity a 
arrangement of atoms, and the time required for producing it. 



We have seen, that this mixture, before combustion, Is 
mechanical, and preparatory to the ehermcal mixture and 
union which follows. The former relating to the mere 
change of position of the atoms ; the latter, to their change 
of properties. Tho one, brought about under the operation 
of certain laws and impulses which arc influenced by 
densities, temperatures, and other calculable forces, aud 
necessarily slow in their operation : the other, by the rapid, 
instantaneous etfect of chemical or electrical action.' 

When, indeed, we consider the opposite states of elec- 
tncity of the atoms when in oontact, before their chemical 
union, and the change of electric relations which takes plaoe^ 

ithoritiea, both British ondj] 

h elcutrle&l aeenej, snd In- 



• Tbd provnlUag oFinlna amongiit ths hlgbeil 
eoatlnenUI. in, that chemioal itctlan in IdeBtloU 

duoed by that diapositlon or tondenoy Hhich bodies la opponEto statos of electriot^' 
iBTfl towards prodaclDS an eqiiUlbiium, as hIied electricity in dlsolureed ~ 
body ar penan to uiother. 

"■nno nnna resta done pini d' autre resoorce qne deooBsiderer iefen c 
phenomine ^ledriijae, qui a lieu laraqne au tuomcnt de la conibinaiaoa d 
lean itats eliHtrlqiuig uppoatn ae aoutroilzont reeipraquomont, ciraoOBtaiice don* 
la quelle il rapri>duit da feu, dc ta mfime maniAn qu' U a'en nuuiifMte daua Id 
doohargB do la boatolUo de Leyde ou de la fondra."— B<«eIiHs, vol. i. 2I!I. 

Combustion, Mr. Brands DbaerTM. cannot be regiuiled u dependant on bbj 
pecaliar principle or form of matter, bnt muaC be regarded aa a g>inersl rosnlt of 
liileiuf cheudcal octlaH. All bodies nhidi act poHOifully on eacb other are in the 
Kparali cieetrical slatii qf ponlive and ofi/iiHtre i and tlie oiolution of heat and 
light may depend upon the anidliHation of Uien opposltu aCatea, wlituh bappena 
Khcn they combine. 
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tffecteil. (fur the proofs of wLioli wv are indobt- 
ctd to Dr. Faradajaiidotbcrptiiloaophorsof tLepreeent day,) 
and tile necessity for contiguity ia electrical action it ia im- 
possible to deny the importance of this previous contiguity — 
not of the bodies or iiiaeses, but of their olemeiitary atoniB, 
from the union of which hsat is prtducod. Now thia oon- 
tignity of tho atoms of tha different Hods of g&s is the very 
gist of the subject. 

On this hetid, Berzelins is explicit and satisfactory. See 
his " Trait e des Proportions C'himiqucs," one passage of 
which I shall quote : 

" Soaa crofoiu dont nuinUniuit sivoir ates ctrlllade, qua les rorpa qui KUit 
pra (fe cumiliicr. muntrent ilva uluotrielMB Ubmi opiKKies, nal ugmeQtent de lane, a 
meaoreqo'elleaapprocbantpIU'iaaliilflinpiiTatnni i la quelle la Bombluiilimn a Ilea , 
jD>qu' J,ee qae.d I'uatanldafuHiim.leiiflJUittUAtt'diapaniBaeMayeeiuuivlBnMua 
gnaie qa' U cwlate ilu tea. NoOB Dvoai, d'autn port, 



to mfruiB nertltndD. quo des combluee, eipoaiis bl 

daoouAnt ^Jovtrlqufl, aont aeparte ,el rwoa Trent leun pnmlariDi propriety ehlmlqubv 

tt dectrf quea, en loeaie tempa qos ku eleetiioites qoi agiiueDt sor eax, dispBialiaBDt 

■■ Dans r^Ulaotueldeaus cuanalBsaaiesl'eiplIcBtlonlaplai probable de iBcombuB- 
UanatdolignitiDnqiiieneitl'eSut.Bitdoaii, que liana touts tcnabinaiaon obimlque, 
II y a ueutiBlizatlon dea ilectrloit^ ui>|>u«ijb. et que Dutlv DeuttaUzitUua prodult to 
feu."— Pase M. 

But it is the rate at which the process of diffusion pro- 
ceeds which affects the question of time. On this head we 
have ample evidence, that gases, although they will mingle 
by their atoms effectually and throughout, do not mingle so 
rapidly as is generally supposed ; and that thoir rates of 
difiusion may even be the subject of calculation. Mr. KoUand, 
who has elaborately calculated many of their movements, 
observes, that, "from the experiments and admirable views 
of Mr. DaJton, we may conclude, that, when different gases 
ai6 brought together, they will intermingle with each other 
gradualli/, offering no other resistance (in the words of 
Dalton) to the mixture, than the opposition which pebbles 
present to the motion of water.'"* 
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Thus we find, that, even witli tho aid wliich 8m»U «j 
titles, correct proportiona, and deliberate mixture af!brd, 
operation is BttU a gradual one, and dependant on the fl 
tent of its contact of atoms with those of the air. 
then, must the mixture be retarded when the quantitieB a 
large ; irregular in proportions ; in a, rapid onward motion^ 
in afumace ; and the contact of atoms uecessarily obstructe 
Doctor Beid, in his " Elements of Chemistry," when deecdl 
tngthe detonating mixture, directs " that the oxygen be a 
MingUd with the hydrogen/' Here, deliberate measures a 
taken for the difiusion of a mere phiulful, yet we take no p 
to have these same ingredients well mingled in the fumacei| 

In the"Experimental Researches on theDiffusion of Oa; 
by Mr. Graham, wo have abundant proof of tho absolute n 
ccBaity for giving time. In one case he observes, " the j 
oeivor was filled vrith 75 volumes of hydrogen and 7&\ 
oleRant gas, agitated and allowed to stand over water for I 
hours, that the mixture might be as perfect as possible.*' 
general, he allowed four hours to elapse before ho considei 
the gases adequately mixed. 

Professor Daniell finds, that, even in laboratory exj 
inents, it is essential to givL> an excess of oxygen to secure I 
adequate portion reaching each atom (rf the gas to be o 
sumed, no more, however, being consumed than its i 
equivalent of oxygen.-f- 

But the observations of Professor Faraday should satiri 
UH at once on the question of tinte, and justifies my attribul 

• "lABamme a'e«t jamaLB lumlQetiK gu' s us Hurfaee oxterteun 
la. BSUlcmoot, que le gus InBiuiiuuiblu eat m ainliiei uok I' air mb 
iVBibiiiilm a Upu, Duie llQCerieur ile In maane ^txeaae II n»te an noyau Dbeeur.*^ 
Fetome, Traltt ie V cdulrane au gaz, p. 402. 

t " In the proceaa which hiebecadeKrlbedfarcolIectlDgthepiDdDfltaorthedj 
toQBtion o[ bydiagan and oifgen. It la necoasar; Ihat thqi be inimd mr// w 
in the proportion ot two oF hjdrogaa to one ut oxygen. In theae proportion* Hi 

would be left aHet detonation,"— /JuB/fH's I Mial Miction to Cb-micai DiltOKlAr. 
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ingsomuch importance to thit* hitherto iie^^lcetiil feature in 
theprocesB of combustion on the lar^e wrale. In his '' ilu'- 
mieal Mauiipulations,'^ p. 3G3, Ur. Fanulay nays, ^' It will 
be pn^r to observe, that, although in making niixtureM of 
gases, they will become uniform without agitation, \f »uffi- 
Mt tioie be allowed^ the period re<|uireil will i)e ver^^ lohtj^ 
standing even to hours, in narrow vessels. If hydrogen lu* 
thrown up into a wide'iax full of oxygen, ho as to Kll it, and 
no fbrther agitation given, the mixture, after tits ItijtM of 
9Mral mintUeSy Mrill still bo of different com|M)Hition alxivt* 
and below.^ Here are several mimites proved to be nerc^ 
suy in efl^ing adequate mixture in a jar full of the gaHt>H, 
'^'^^wreas we cannot affi>rd even several seconds for the mixing 
<^ a fornace full. 

Now here is proof sufficiently strong in favour of the* |K)int 
of time I am contending for, yet, in managing (u>nibuHtioii on 
the large scale, this condition, as to time, is wholly ov4t 
looked, although the whole (jucstion of economy (K^pendH on 
effecting perfect diffusion. 

The effect of varying densities, or Hpecific graviii^H, in 
gases, is remarkable on the point of time. Mr. Kellaiid 4ib 
K^es, that the rapidity of mixing is depencbint on tht; rola 
tive densities of the gases.* Mr. Dalton found "the niobi 
lity of gases to be inversely as their densitieH.'*" The <!Xp«!rl 
meats of Professor Graliam also prove how iniliiential in tlio 
difference of density in aiding, or retarding diffuHion. I)r. 
^d proves, that gases of different denHiti(;H do not viintftv 
f^opidly.f 

* *' The rapidity of mixing is dependant on the rclati vo dcnMitIi?M of th« fpuMw, uiid 
'i^Pears, from Mr. Graham's experiments, to bo micb that tho tiiMMt which a khm A , 
^ toy small time, communicates to the gas II, is to the iiiaiw H which It rtfciii vkm, mm 
^ square root of the density of A to the square root of ih« doiislty »t II." 
^aitfe«,p.89. 

t *' FiU a jar half full of oxygen, and then cautiously fill It up with carbonic acid 
^Hiea remove the cork and introduce a suspended candle. It bunu brUliatitly in thi« 
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I finil, also, A satisfautor^- illustration yiven liy DerzcUi 
vol. i, pages 231 and 235, of the necessity for giving (w»« I 
the due mixing of the constituents of a conibustiblo gas wi 
its supporter previously to'combustion, but it is too long I 
introduction here. 

I might hero add many illuBtrationa from Dr. Fai 
of the causes of the acceleration and retardation of the pi 
cesses of mixing and combining, but it would draw rae ( 
much from the practical application of facts before ub. 
must, therefore, content myself with referring to his giA 
"Experimental Researches in Electricity," a wi)rk whid 
will amply repay the scientific inquirer. 

The work of Mr. Daniell, Professor of Cljoinistry, King^ 
College, London, in which he has presented to students is 
chemistry an elementary view of the discoveries of Dl 
Faraday in electrical science, is also a work well worth] 
perusal by those who desire to go deeper into the conaiderfl 
tion of what belongs to chemical action, and its connexii 
with electricity, in the process of combustion. 

In Dalton's paper, road to the Manchester Philosophic 
Society, Nov. 12, 1802, he says, in a former paper he " i 
sisted on a very important position in the doctrine of elasl 
fluids, namely, that the elastic or repulsive power of ea 
particle is confined to those of its own Hnd.'"'' In his pap 
read Jan. 28, 1803, " On the Tendency of Elastic Fluids 
Dif^ion through each other," ho arrives at this conclusion 
" that a lighter elastic fluid cannot rest upon a heavier on^ 
as in the case of liquids; but that they are constantly acti? 

upper Btratum of Dijgen, but Is oltlnjuiiiliBd in Hie carbunlc Hid belOw.bi 
kindled iKnin, as it is a^n dniwu upwuida into the nxygcu. Hence gaae» at 
ferent densitiefl do not ninijt.' rupiiiln with each other, M loa«t to aaj great ext 
But if the oxygen and enrbonlo acid be iettloge\bat for a ai^OeraildUne.i 
giaduslly difi^ee themselTee thiouifh ench other, part ot the heuif mrboaiii i 
rlain*. whUe a portion o( the lighltrojygen ileaccnda."—£:inm*Bi'«qfC*nBWp», 
Dr. D. B. lirM. p. eBS, 
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uing thonieeh'os through onoli otiior ^(7/ an squililrium 
I, atiJ that without any iv/anl to their gpectjic ^atrity, 
i K far a» it aecdaratet or retards the effect.^ Thi§ iti 
pttoisely the caso before us, and to the point, on this hranch 
of the euhjeirt ; the aeveral gases meeting at tlie bridgo of a 
fiiraace being so various as to their relative specific gra- 
vities, as showQ in the following scale — air being taken 
M unity: 

Sptiifie TusMitia. Wei^ of IDA niMf tiwAff. 

Hydrogen 0-0689 2-137 

Curbon vapour 0-4210 I3-9AS 

Carburetted hydrogen ... (raso 17-360 

Carbonic oxide 0-8730 30-180 

Nitrogen 0-9788 30-34S 

Bi-«arbaretted hydrogen 0-0S20 30-440 

Atmaspheric air l-OOOO 31-011 

Oxygen 1-3060 U-346 

Carbonic acid r5S40 <t7'383 

Hare we have many different kinds of gaseous bodies, all 
of which encounter each other in the furnace, struggling 
and exercising their respective attractive forces for the oxy- 
gen ; yet all tending towards tho funnation of an uniform 
mass, if time he allowed. These bodies, we see, vary in 
their specific gravities, from hydrogen, tho lightest of all 
known gases, up to carbonic acid, one of the heaviest ; thus 
presenting tho greatest natural impediment to tho forma- 
tion of that equilibrium which is essential to rapid and 
perfect combustion. 

In the above table we see, tliat air is nearly double the 
density of the coal gas (carburetted hydrogen) with which it 
is to mingle, 100 cubic feet of the latter weighing but 17 
grains, while 100 cubic inches of air weigh 31 grains. And 
the difference is still greater between air and hydrogen, (of 
which latter four-fifths of coal gas is constituted,) 100 cubic 
inches weighing but 2137 (2 1-lOth grains) ; the air, con- 
sequently, being nearly fifteen times heavier than tliat gas. 
LnbL these arc tho very bodies we expect shall mingle, 
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nii'i ooali^see, and lunii an oquilibriuni, on ike insiant, m 
tho furnaco. 

Xow this brings ub to the conclusion, that, aa 
/vrce the gases (coal gas and oxygen, for instance) to n 
with antficient rapidity under tho ordinarj- circumstaacei 
thofurnace, our views should be directed, not sitting <J(flj 
satisRctl with what erroneous custom has established u 
the attractive, but ritllacious, name of ^^ practice,'" but to 1 
nioditications of that furnace, so as to aid Dutore in e&eo 
those arrangements which arc essential to combustion, rati 
than in obstructing them. Here, as chemistry points out j 
c^'il we have to contend with, bo chemistry should guidda 
in applying the remedy. 

1 conclude this iTnportant division of the subjeat b; I 
following short recapitulation ; 

Ist. Combustion, by which wo obtain heat, is chsm 
nniott, induced between the combustible and the eupportet 

2d, To eflect this union, the bodies about to bo united ' 
must first be hrou/jkt to^etlier, either into actual contact, or 
within their respective spheres of chemical action. 

3d. As the chemical unions to bo effected are not between 
the masses, but the d&mentar}/ atoms of which they are com- 
posed, so the previous mixture and contiguity must have 
reference to sucli atoms, aud not to tho masses, or aggregate 
of atoms. 

4th. Complete, perfect mieina moans effecting such a 
ilegree of incorporation that, if portions be taken from differ- 
ent parts of the mass, tbey will always present groups of tho 
exact same constituents, or composition ; the whole being 
thus homogeneous and symmetrical throughout, and pre- 
pared for chemical union ; each atom of the combustible being 
contiguous to its equivalent atom, or atoms, of the supporter. 

5th. To effect this degree of incorporation time is required, 
according to the special nature of each of the bodies to be 
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mixed ; inasmuch as thoBo bodios, when brought together, 
are of such varyiug densities anil temperatures. 

6th. The operation of mixing will be retarded, or accele- 
rated, and a longer time required, according to the nature 
and number of tbo bodies to be mixed ; those mLxtures in 
which the combustible and the supporter can bo brought 
into closer contiguity (as hydrogen and oxygen) being 
effected in a shorter time than where they are at greater 
distances from each other, by reason of the interposition of 
other gases or matter, as in the case of hydjogen and air. 

7th. Finally, the quantity of available heat obtained will bo 
in the ratio of tbo number, intensity, and simultaneousness of 
the unions which will tako place, and the contiguity of the 
uniting atoms and perfection ia diffusion at the time of bdng 
fired. 

The importance and necessity for time being established, 
the next consideration will be, how to meet the case of 
UMRJt of time, occasioned by the circumstances under which 
combustion takes place in a furnace. 

I avail myself of this opportunity of stating the opinion of 
one whose authority will not be questioned, in confirmation 
of the views fcvken by me on this pait of the subject. Being 
drairoua of having my doubts cleared up on some points, I 
consulted Mr. Daniell professionally, and here annex his 
reply. Professor Daniell, it will be observed, goes even 
farther than I have as to the quantity of atmospheric air to 
be supplied, and the importance of having the preparatory 
mixture of the combustible and the supporter ihoroitgMy 
effected, urging the necessity, even in careful laboratory 
practice, of providing an excess of the supporter ; thus ensur- 
ing full and saturating combination, and preventing the p08- 
aibility of any of the combustible passing away uncumbined 
and unconsumcd. 



OPINION. 

'■ There can be no doubt, that the affinity of hydrogen for 
oxygen under moat circumetanoca ia atronger than that of car- 
bon. If a mixture of two paits of hydrogon and one of car- 
bonic aeid be paised through a red-hot tube, water ia formed ; 
a portion of charcoal ia tlirown down, and carbonic omda 
pa^cs over with the excess of hydrogen. 

" With regard to the different terms of hydro-carbon, 
it ia well known, that the whole of the carbon \a never 
combined with oxygen in the proceaeoa of detonation, 
or silent combustion, unless a large eaicesa of oxygm h« 
present. 

" For the complete combustion of defiant gas, it is neoea- 
aary to mix the gas with _five times ita volume of oxygen, 
though three only are comumed. If loaa be uaed, part of the 
carbon escapes comhinati&n, and ia deposited as a black 
powder. Even sub-carburettod hydrogen it is necessary to 
mix with more than twice its bulk of oxygen, or the same 
precipitation will occur. 

" It is clear, therefore, that the whole of the hydrogen of 
any of these compounds of carbon may be combined with 
oxygen, while a part of their carbon may escape combus- 
tion, and that even when enough of oxygen ia present for its 
saturation. 

" That which takes place when the mixture is designedly 
made in the most perfect manner, must, undoubtedly, ariae 
in the common proceaaos of combustion, where the mixture 
is fortuitous, and much less intimate. Any method of en- 
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suring the complete combustion of fuel, consisting partly of 
the volatile hydro-carbons, must be founded upon the principle 
qfprodueinff an intimate mixture with themof aimo^heric air^ 
in esceesSy in that part of the fum^ to which they naturally 
rise. In the conmion construction of furnaces this is scarcely 
pofENsible, as the oxygen of the air, lohich passes through the fire 
harSy is mostly eapended upon the solid part of the ignited 
fuel wiA tohich it first comes in contact. 

"J. F. DANIELL. 
'' Eang's College, 8th August, 1840. 
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OF THE MODE OF EFFECTING THE 
INCORPORATION 



COAL GAS AND AIR, IN THE FURNAC] 

PREPARATORY TO COMBUSTION. 



PaoFEsson Daniell, in the opinion just quoted, states tl 
true principle on which any improvement in tho furna 
for ensuring the compktc combustion of bituminous cc 
must bo founded, namely, tho producing an intimate mixtm 
between tho gajeouB portion and atmospheric air. 

Keeping this principle in view, I here propose consideril 
tho mode of introducing air to tho coal gas, so as moat effe 
tually to aid the natural process of their diffusion, 
division of the subject involves the practical application c 
the principles here examined, and is, in fact, a conslderatio 
of the best mode of so modifying the arrangements of tb 
furnace and flues that they shall best harmonize with tl 
chemieal conditions under which combustion takes place. 

On this head wo find so many convincing illustrations a 
what nature requires, and what a judicious mode of briugii 
air to the gas can effect, in a common candle and in tfa 
Argand lamp, that I ehall, in the first instance, examifl 
these two exemplifications of gaseous combinations and com 



m. in the maimer adopted hy (lie best Uritisli aiul luli- 
1 chemists, and then upplf their illustrntiDDS to 
>de which 1 propose euggcstin^. 1 liero, thrruforc. 
> summary of what has l)ocn.^iil on this siibj»-t ; u«<l, 
le remedy I shall conclude by siiggosting is drawn from 
tible iufereocee arising out of tho sL'ttcmcnbi of so 
ly competent professors, I shall be the more particular in 
it examination. 
'. Brando observes, " In a common candle, the tallow 
ttwn into the burning wick by capillary attraction, and 
B converted into vapour, which ascends in the fonn of a 
I column, and hae its temperature sufficiently olcvatetl 
*** cause it to combine with the oxygon of the surrounding 
•*nioBphere with a temperature (the result uf the conibina- 
'*t»n) equivalent to a white heat. But tliis combustion is 
^^tferficial <mly, the flame being a thin film of white hot va- 
tV)ur, onclosiug an interior portion, which cannot Itum fur 
^^>att of oxygen. It is in consequence of this structure tif 
tie flame that we so materially incream its heat, by propelling 
^ current of air through it by the hlout-ptpe ; or suj>plying 
its interior with osygen, as in the gas jet suggested by Mr. 
DanicU, (Phil. Mag., 3d series, 2, 57.) The perfection of 
the Argand lamp is also referable to the same cause," 

Doctor HeiJ observes, "The flame of a caudle is produced 
by the gas formed around the wick, acting upon the oxygen 
of the air : the fame is solely at the exterior portion of the 
ascending gas. All irnthout is merely heated air or the pro- 
ilnotfi of combustion ; all uithin is utiomsumed ffos, rising in 
itt tttm to affect (mingle with) the oxygen of the air. 

" If a glass tube be introduced within the flame of a laiii]) 
or candle, in the manner ivaprcsontcd in flg. 45, part of the 
nnconsumed gas passes through it, and may bo kindled as it 
escapes." (Mr. Brande lias given the same illustration in 
hia " Manual of Chemistry.") " The intoueity of light (and 



BO also of boat) produced durmg combuetion, depends mud 
on the manner in which the gaa is consumed." 




Berthier, vol. i., p. 177, observes. " The fkme a 
form or a sharp cone, with a hemispherical shape at t 
lower part. It presents four distinct parts : viz., first, I 
Afflw, of a sombre blue : this is the gas which bums \ 
difficulty, because it has not jet ac(iuire<l a sufficiently b 
temperature : secondly, an interior dark cone -■ this J 
oombustiblo gas highly fieated, hut which does not i 
h«eauee it is iiot mixed with air : thirdly, the briUiant ami^ 
envelope, in this part, combustion takes plaec with a deposit 
of carbon : fourthly, a corneal envelope, which gives but little 
light, C';rfflf;)e!* ^ttmi>k?ww,"J surrounding the whole flame, 
extremely thin or attonuatod, f" extremement minced) and 
which is thickest at the top. Gombiistiou is complete in 
this part, and it is at its contact with the luminous envelope 
that the temperature is the highest." 

BerzeliuB, vol, viii., p. ISljObservcB, of the flame of a candle, 
at its base we perceive a small part of a deep blue colour. 
In the middle is a dark part which contains the gas evolved 
from the wick, but which, not being yet in contact with tite 
air, cannot burn : outside of this is the briUiant part of the 
flame. We also perceive, on the confines of this latter, a 
thin, faintly luminous envelope, which becomes larger 
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towards the summit of the flame. It is there that the flame 
is hottest.* Dr. Thomaon, in his work on " Heat and 
Electricity," and Dumaa, in his "Traite de Ohimie appliquee 
aux Arts," give similar iUustrations of the combustion of the 
gas in the ilame of a candle. 

All these authorities, we soe, agree in the main facts : 
First, that the dark space in the centre of the flame is a 
body of unconsuraed gas ready for cambusti&n, and only 
waiting the preparatory step — the mixing — the getting into 
contact with the oxygen of the air. Secondly, that that 
portion of the gas in which the due mixing has been effected, 
and ^vhieh, therefore, beeomoa inflamed, forma but a thia 
film on the outside of auoh body of unconsumod gaa. 
Thirdly, that tbo products of tbo combustion of the gaa 
form the transparent envelope, which may be perceived, on 
close inspection. Fourthly, that the collection of gas in the 
interior of the flame cannot bum there for want of oxygen. 

Dr. Reid uses a remarkable expression, which involves 
the whole question of current^ time, ani place. " The flame 
ia solely at the exterior portion of the ascending gas ; all 
without being merely heated air, or the products of combus- 
tion ; all within unconaumed gas, rising tn its turn to alfeot 
the oxygon of the air." 

Here let the questions be answered. Why does the 
oitttide portion alone — this mere surface of this interior body of 

* "aii'aniioiuld^ it, Bamme iruno oliuidalle, on voltqn'eUe n mmpMe de 
plosienn pttftl^ doni an pent fLls^ment dliitlngaer qnalre. A utifiBe, on opper^olt 
una petite putie d'uae bleu fuaot, qui th timjoora en dlmiaiiaat 1 ramnre qu'dle 
H^olgne ia b meche, et qui di^pBroiC tant-a.-M( la oil lea cAt^H de U asmnia 
■'elev eat lerticiileDienb. An miticn de U Sammo. ant une partie obscure qn'on 
appergoit au trarers de la putEu brillinate. Gette portle renfonna lea gax ^an^ 
de la meche quit n'ettaii point ertmre es ctninct ovbc I'air, rv pcttve/U pas Ariifor. 
Aotonr d'eUe eat la partie brilllanle de U flomnie. Ed autre, loraqu'on regnida 
■res quelqo' attention, oa *Dit anr lea conOoa de oelle-ci one mince enieloppa 
pen InmiaeuBa qai devlent plui lar^ veia lo sommet ila la flanuDe. Celt Ik que 
li oomburtloQ dea Rai a'opsre, ot mm tafiimne t^laplHS uSuiufc." 
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gas, «nter into oonibiistion i and why does the remainder 
tinuo unconaumed ! Uorzelius answers, "The gae cannot 
burned there, because the air which m aUe to penett 
Jar has already lost the greatest part of its oxygen."* 

Mr, Brande puts this with equal force. "This combustii 
this chcmic.-il union between the gas and the oxygen of the 
" is but superficial only, the flame being a thin film of i 
hot vapour, enclosing an interior portion which cannot 
for want of oxggen" Why? What provonta it ! Whj 
this flame but superfcial only 1 Why is there & w 
oxygen, sooing there is no want of a»>? 

Now, tbcee questions go to the whole of the case : 
go to the differonco between perfuct and imperfect 
bustion. The bodies of gas and air have, it is true, 
access to each other : the gas is intensely hot. Yet, ^inM^ 
teanting for their duo mixture; thus diffuHion and coml 
tion only proceed, pari passu, as tlie constituent atoms of 
gaa, " taking tlteir turn," are enabled to get into contact wi 
their respective equivalent atoms of oxygen from the air. 

If adequate mixture and diffusion could be effected wit 
out this demand oh time, (and which opinion, we must Cfl 
elude, is the general one, seeing that nothing has been i 
tempted to show that more time was considered neceasar] 
how does it happen, that so small a bulk of gas (as is co 
tained in this " dark central cone" of the flame of a caiidl 
should have any difficulty of obtaining its supply of oxyga 
in the midat of an unrestricted supply of air? And, 
this small portion of gas (although at a heat in the cent 
of a flame equal in intensity to " a white heat" has sue 
difficulty in obtaining adequate contact with its equivalent 
oxygen, how can we expect ao enormous a mass of gas as 

*" Qnant a l-Bspaee eoniquo IntocnB, il est roniplis da (fai eumbiisUblc qui 1 
pvcivent pafl y bFaloTflomplctctuontrparcaqUGl'aLr quipoTTLcnt A ^e^vttet jnatnA- 
n, dujn p«rclti la phia piirlii: ilu son gM oiigeno." 
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^^erated in the furnace should be adequately supplied, un- 
^^^ the hurried circumstances occasioned by the draught ! 

llow much more applicable, then, would be the words of 
^^^86 experienced chemists to such a mass ; that ** it cannot 
'^^Xm for want of oxygen.*" (Brande.) That, " not being 
'^^ contact with air, it cannot burn."" (Berzelius.) That 
^^ has ^^ to wait its tum^ to mingle with the air. (Reid.) 
'^ liat it does not bum, " parce qu''elle n'est pas melange 
^^"^air."" (Berthier.) That, being beyond the necessary 
^^^ntact, " hors de oe contact,^ it cannot bum in the iams 
^'im. (Dumas.) 

I have not hitherto quoted Sir Humphry Davy on this 
iiead, for his whole '^ Researches on Flame'*'' go in corroborar 
t^ion of the facts here stated, and the inferences drawn by 
Bo many competent authorities.* 

If, then^ the free, unrestricted access of air on all sides of 
this small flame is not able, by force, attraction, or the laws 
of diffusion, to form a due atomic mixture, in time for igni- 
tion, a fortiori^ it cannot do so when the supply of air is 
restricted and that of the gas increased. 

The Argand lamp furnishas a strong corroboration of 
these principles. This lamp (whether with oil or gas) dif- 
fers from the ordinary one merely in this, that air is intro- 
duced into the centre of the flame ; thus giving it access at 
the inside as well as the outside of the body of gas to be con- 
sumed. Now, the advantage of this alteration consists 
merely in its enlarging the accessible surfaces for contact of 
the atoms to be mixed ; and which, being thus nearly douhledy 
gives to double the number of atoms the means of effecting 
a juxtaposition, or contact, in the same space of time : for, 
after all, by this question of tims and contact of atoms, must 

* " In looking stedfastly at flame," he observes, *' the part where the combustible 
is TOlatilized is seen, and it appears darker, contrasted with the part in which it 
begim to bum, that is, where it is so miased with air as to become explosiTe.'* 



106 

any improved plan be teateJ ; aiiice, in Professor Daniflll] 
words, its efficiency must be " founded on the principle i 
producing an intimate mixture." 

Dr. Keid, speaking of the Argand lamp, (see fi, 
observes, that the intensity of the heat is augmented 1 
causing the air to enter in the middle of a circular wicki 6 
series of ffas jets, so that more gas is conaumed within a givi 
space than in the ordinary manner. 

But why is more gas consumed wiiMn a given spacg f ! 
cause more capability of mixture is atforded, and a greats 
number of accessible points of contact obtained. This 
be seen in fig. 47, where the inner surfaces, a a, are show 
in addition to the outer ones, h h. 
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" If the aperture, by which air is admitted into the in- 
terior of the flame, be closed, the flame, represented in fig. 
46, immediately assumes the form shown in fig. 48 ; part 
of the supply of air being thus cut off", it extends farther into 
the air before it meets with the oxygen necessary for 
combustion" : the length, upwards, of the flame being 
always in proportion to the heat below — to tho quantil 
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gsfi generated — and to the strength of the aaoonding 
enrrent. 

In this case, the flame, inetentl of being short, white, cylin- 
drical, and brilliant ; without smoke, gi^Hng out much heat 
and tight, and producing a blueish transparent shadow; 
becomes instantaneously of a mnrky rod colour, of a long 
conical shape, with much smoke, and diminished heating 
and lighting properties, and giving a ilult reddish brown 
shadow. 

Here we trace the fo«^A of Uie flame to the slow progres- 
sive rate, consecutive character, and diminiehcd rate of mix- 
ing and combustion, occasioned by the want of an adequate 
number of obtainable points for mutual access, within any 
given time, between the separate constituents of the gaa 
and the atoms of oxygen from the air. In this case, (stop- 
ping the admission of air to the centre of the flame) the 
body of gas evolved from the inward side of the circular 
wick becomes chemically decomposed ; that is, resolved into 
its separate constituents, hydrogen and carbon, by the heat of 
the surrounding film of white hot flame[; but, not meeting 
the required supply of oxygeu, (which now has to conio 
from the mttiide current of air,) these constituents aaeond 
uncombined ; ami, not meeting the supply until toa late — 
until the ascending current has carried them beyond the 
temperature required for chemical action ; both uecessarUypass 
away unconsumed ; the carbonaeeous constituent, losing its 
gaseous character, assumes its former colour and state of a 
black pulverulent body, and becomes true smoke. 

The enlargement, or elongation of the flame, therefore, so 
lar &om being an indication of increased combustion, is di- 
rect evidcncG to the contrary ; and of that imperfection of 
the process which occasions the loss of so much combustible 
matter, and the impairing the heating and lighting properties 
of the flame, by the absorbing and intercepting influoneea of 
this smoky matter. 
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le examination of these stK^^^ssive proceflsei! and offbc 
in the flames of the candle and lump, b:\s alwuvB bd 
considered bo instructive by chemists, and ofterin^ 
means of obsen'ing nature in her efforts to effect her pn 
pose, that great attention has been paid to it. A umil 
study by our practical mechanics and " amolce-bnrni^ 
inrentora irould enable them to pere«tTe the grost chemil 
errors on which their patents are founded. 

The conclusions we draw from this analytical cxsmifl 
tion of the flames of the lamp and candle, and which i 
havo now to apply to the furnace, are, that the gas evcAf 
from the combuatible. be it oil or coal, " cannot burn" n 
its constitueut atoms have obtained contact with their eqi 
valent atoms of oxygen from the air ; that the want of fa 
was not the primary, hut the induced or secondary can 
of this want of burning faculty ; and that the ascendi 
current had destroyed the chance of subsequent ignition 1 
carrying the gas into the cooling region of the air, by wiat 
the necessary diffusion came too late for ignition. Thus, 
the case of the lamp, as well as the furnace, the n 
time is unattainable, and diffusion equally so, except by i 
compensating alternative of increased surface, affijrding ) 
increased number of points of mutual contact in any givl 
time. 

Many illustrations might here be given as to the valne i 
the compensating power of increased surface in lieu of tim 
Among these may bo mentioned, that produced by numero 
jeta of water in reducing the temperature of the surroundii 
air. The well-known cooling effect of a shower of rain i 
caused by the increased aurfaee of the aqueous particles pp 
senting increased facilities for the absorption of heat. 

I have dwelt particularly on this part of the subject, i 
many errors in the admission of air to the furnace tat 
clearly referable to the neglect of this first principle 
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Mtnical union, — the bringiag the conibuBtible and the 
supporter, iuto contact, not by their masses, but by their 
eonetituent and elementary atoms ; and which, though so 
well understood and practised in the laboratory, has not 
been sufficiently diatinguislied and dwelt on by chemical 
writers as to draw attention from practical men. 

In looking for a remedy for the evils arising out of tbe 
hmried atato of things whicli the interior of a furnace 
naturally presents ; and observing the means by which tbe 
gas may be effectually consumed in the Argand lamp, it 
seemed manifest, that, if the gaa in the furnace could be 
brought, by means of jets, to an adequate quantity of air, 
the result would be the same : namely, a quicker and more 
intimate mixturo and difTusion, and consequently, a mora 
extffltsive and perfect combustion. The difficulty of 
eSecting a similar distribution of the gas in the furnace, by 
means of jets, however, seemed insurmountable : one alter- 
native alone remained, namely, that, since the gas could not 
be introduced by jets into tbe body of air, t/te air viigld be 
introduced htf jets into the body of gas. 

This process, if practicable, seemed to meet the difficulties 
of the case as to time, current, temperature, and quantity. 
By this means, the process of diffusion would be hastened and 
assisted without the injurious effect of cooling ; and which 
always takes place when air is introduced by larger orifices. 

In this view of the case I was strengthened, by observing 
the effect of a jet of air thrown by means of a blow-pipe 
into the body of gas — the " dark central cone" of the flame of 
acondle, and where, if properly managed, the due equivalent 
of air may be brought into contact with the gas without any 
injurious cooling effect. 

The difference, then, between the application of air by 
means of the jet, and that of the ordinary action of the 
atmosphere, consists solely in the increased surface it presents 
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for mutual contai-t in any givon unit of tinie,* and hy wl 
a large quantity is so introduced as to meet its corresponi 
(juantity of gas, while in the presence of the requi 
temperature. 

And let us here examine how far tltis mode of introduo 
air to the coiubustible gasca in the furnace is aiiaJagoua 
to its power of aiding diffuaion) to that produced by a. hit 
pipe. Lot fig. i9 represent a section of oue of these dil 
sion jets ; a a will represent the exterior surface of the 
or column of air, impinging, by reason of its onward motH 
against the interior surface, g g, of the body of gaa to 
consumed ; and through which it forces for itself a pi 
forming the column, or hollow double cniio, shown 
figure. 
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Here the appearance as well as the operation correspon 
with that of the blow-pipe, conveying the idea of a jet of 



* It la true, tho air, by :tha oriflei 
rurced inwards as In Uie cose of the bl 
tlon of the draught or ancoading: cnrrt: 
that of q imall projooted ritream bj 
conaoqutBtly. a proportic 
WCOM fur tliD bodien desl 
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Ich sn enliirgcd antfAce Is 
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)ifixme, raUier than cf air, so instantancouH ia the com* 
bnatioa when equivalent atonia approach ew;h other, and «o 
efficient is. the operation, by extended eurface. in aiding 
atomic contact. Here (as also in the blow-jiijw) tile process 
diSers from that of the flame of a caudle, in being rvwrttd .' 
the air being interior in the former, and exlerior in the latter, 
M explained by Berzelius.* 

Thus, we see, the peculiarity as to the action and value of 
VAJgt arises from the cireamstance of its forcing or creating, 
« it were, _/«■ itsdf, a larger surface for contact, by which a 
greater number of elementary atoms of the combustible and 
"W supporter, the " cimiiurant" gain access to each other in 
Wy given time. The "solar lamp" {a great improvement 
of the Argand lamp) is an illustration of increased surface 
Ideated by virtue of an impinging current on the oitiHde, as 
tbe blow-pipe is on the inside, of the mass to be consumed. 
The space between the two surfaces of air and gas, a and 
J, r^resents the " thin film of white hot vapour," or tlame, 
(see page 101,) where combustion is carried on with 
the greatest energy, being, however, thicker and less direct- 
ed towards a point than in the case of the blow-pipo, by 
reason of the greater force of the current or blast of the 
latter. The increased calorific power produced by this mode 
of acting, by jet, will, therefore, be in the ratio of the entire 
exterior surface of this visible cone of flame to the sectional 
area of the orifice alone. 

But the value of the jet {as a diffiisive power) arises from 
this, that it creates not merely an enlarged surface of air, 
but a corresponding enlarged surface of gaa, both having, at 
the same time, " the nearest possible contact" over the 
whole of these artificially produced surfaces. 

»"Si dono.ttteolB becd'unclmlonieau, onaWgeuaoourBntdiilrdanB to milien 
do la Qanune, on Toit apparattre devant I'ouTerture de llartrument ane flamaia 
bleu, loDSDB et etroltc, et qui a aealeraent cliangt de forme, bb troniimt ulurs con- 

'— Vol. vlU., 163. 
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This diffusion, §o producod by mere jiressuro of the ata 
sphere, has a striking advaatage (for the purposes of the ' 
furnace) over thai created by force and injection through tlie 
hlow-pipe, namely, that, by the former, no more air will enter 
by any one orifice than can be absorbed, beneficially, by the 
gas with which it there comes in contact ; nature, as it were, 
not overcharging itself : whereas, in the case of the latter, 
muoh judgment and management are required as to the 
quantity of air injected to prevent overcharging. For, if 
(by the blow-pipe) this quantity be mi/ias what the surface 
portions of the gas require for saturation, that portion which 
does not receive its equivalent, will pass away without aiding 
in the operation." On the other hand, if the quantity be 
piut the saturating equivalent of the gas, a cooling effect 
will be produced, even though the air injected be at a high i 
temperature. For, let the temperature of the admitted a 
be what it rimy, it must be considerably below that of tl 
envelope of llame. and, therefore, will produce a comm 
snratc cooling effect. ■{■ 

The evil to be remedied, then, in the furnace, ia not i 
want of a su£Gcieutly elevated temperature; neither can t 
introduction of heated or hot air remove it. The evil, e 
where the proper gross volume of air ia admitted, ai 
the apjtroaeh or contact of any portions of such gross volw 
to portions of gas (however small they may be) beyond wlu 
can, at once, combine with such separate portions of the gat y 
that is, being in excess of what is rigidly due to the respeotin 



Jt " Paul ptDdDlre In plus toiie tampccnCare pmalble, OD d 
cartaln itigri de fares m'lugA: li I'un ilonnetrop itulr, Upai 
aume pu itfroblit laJlaimiU! ill le sautneeabtrop taJblti, la ooi 
uaac ylva, Bt la chaleur n'attaint paa son •aiixhiia.tii."—ltcriAlcr, 

f "Flame ii gnaeoiu inattDr ao lil^blf lieatad ua to betumi 
dtgiee of tamperaliire boyoatl the white bent of solid bodies, a 
clntaniaUuuja that ftir not IniuiDane will uuiiimunlcute this ili 
temp«ialureof mstal. ortui Whsn wUM hot. ii fu belux tliat 
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atoms of such portions of gas. To be more precise, the 
practical evil in the admission of air to the furnace arises 
from the presenting a greater number of its atoms to any 
given number of atoms of gas, in any one locality, or in any 
given time, than can obtain contact and be chemically united, 
on the instanty with such atoms of gas. 

Now, this inequality in the distribution of air, and the 
destructive cooling influence it creates, cannot bo avoided by 
any plan hitherto adopted ; because the orifices of the pipes, 
eonduits, or other means by which air has been made to 
enter, admit quantities inuneasurably greater than can be 
combined with the small quantities of gas which their limited 
surfaces present. 

This question of excess of air, beyond the capacity of im- 
mediate absorption, has not been sufliciently attended to, 
from the neglect of the atomic composition of the gases, and 
its all-important results in chemical action. The application 
of the principles of this atomic constitution to combustion, 
indeed, seems never to have been considered practicable or 
essential when working on the largo scale ; whereas, it is 
just in that application of science to practice that it would 
be most important, from the present state of chemical sci- 
ence. The idea that this atomic constitution of the gases has 
nothing to dowith practice^ and is a ^^mere atomic theory^'' must 
be abandoned by practical men, as it has long since been repu- 
diated by men of science. This "atomic theory**' is, in truth, 
neither more nor less than the explanation of those fdcts^ in 
the processes of nature, which it is essential wo should know, 
if we would follow out those processes ; but, if we confine 
this knowledge to the laboratory, by rejecting it in practice, it 
is in vain that science progresses : philosophic research is not 
to be prosecuted for thankless practitioners.* But, to return : 

* I quote the following from an able reyiew of some recent chemical publications 
in a late number of that useful literary compendium, the AtheruBum :—*^ It is by 

P 
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Air may be in dwccw, as regardB its eJeeiK, thoiij^h, a» 
regards qwaiitltif, it nifty lie much bdow the saturating 
e4|uivaloiit required by the gan to which it is presented. Its 
cooliag iuilucDire will therefore operate, not in proportion 
to the gross volume introduced, but to the efficiency of it» 
diatributiou. 

Air may he in excess, and always is so, in the furnace, 
when introduced in quantities beyond what is due to the 
Hurfoco atoma, or superficial stratum of gas which it Itrst 
approaches. Neither can this ovil bo remedied by such 
excoes tvisequewllg mooting with gas requiring such oxygen 
or air. The mischief is done by its cooling iufluencB on 
those atoms which do not come into contact, and which, 
lioing reduceil below the temperature of ignition, are 
paralyzed in their action Thus, air, when in excess of 
the absorbing faculty of the gas it encounters, instead of 
engendering boat, produces cold. The result is, that both 
are negative, or lost, to the operation of the furnace, 

Allowing out the varloai atfpa of tha natural pToceMss, SQd by Van cueCul atadr 
of their nmilu, tbal clieUlHts msyeipoat to be sble to Imitate nature: and lAlt 
eaattilulaiiral/i : tor Ihu pnutice oTtnitli iijoattlie pnotico otutuTe. ToMlala 
(hi* offlolently it la neecusiirjr to aetBnnlne the mleg bj whicli oatnre irorlia.- 

Id apeakiDg of the atomU eonatitntioa of nnitlcr, aad the U» of tho rulwtitatloa 
DtipuCB.lliB reilewor obstrves, " It indkatea that them ■nbetitutloDi vlUprodBM , 
Dew bodlea, Hhoie prnjiertios may often be jirid/cfed. Dainiu cumparea the 
wbob IgneranC of tha law of AubfltTtutfon toa man who fMdUHaefi a »et of cb 
but Ii IgnoTVit oT (he game of eheu. In cbcmiatry. he anggaiU, the atomic Wi 
are out men, uul the law at enbutitutlon one of the rales which direst U 
movements i" ajid this he llluattatos by noma very apC eiam]ilL.«. 

Speaking of atomic weights. Uio ceriewer adda. " ETer; ono knows, or m 
linaw, tlat DoKua, of Manelieater, drat pointed ont the beaDtlfnl Aut, ti 
ohemioal subatoneefl, nhen they unita. are eambined in definite proportlona; 1 
example, coiomoa aalt conalats. it waa preiloualy known, of chlorl 
sodium ; but Dalton demonstiated that T| grs. of coumon salt are formed of 4t <A'1 
chlorine, and 3 of eodlam, exactly. 

" This was the first Bnc«esafnl application of mathcmatlaUpTeclsInn to chemlitl 
It opened a field (or the aconrnte iaTBstlgitlon of Uie propartles 
tion more oapedully to the anmbers which were at(ached (o Its Tariod >] 
nature. This br.mch mu qnlekly taken up by BeRelius, of Stockholm, a 
Thoniion. of OInsgnw. who hare both labonred aisidaoaaly and succeufDllr fl 
(hia Importnntspheniofacicnee." 
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The effect of excess or deficiency, then, is not to be judged 
by rehition to the volumes in gross, but to the joint capa- 
cities or combining powers of the respective portions of air 
and gas which meet in collision ; and with reference to the 
relative surface which each presents to the other. On the 
management, also, of these relative quantities and surfaces, will 
depend the rapidity and simultaneousness of the action, and, 
consequently, the intensity of the heat evolved ; ^* the heat 
of flame,'' as Sir Humphry Davy observes, " being propor- 
tional to the rapidity of combustion/' 

The distinction here pointed out being one of paramount 
importance, as a further illustration, I have annexed a dia- 
gram. No. 11, in which the mbwnnm^ mean^ and maximum 
effects of surface-contact are brought practically before us. 
This diagram represents the following sections : 

Fig. 1. — Of the flame of a common candle. 

Fig. 2. — Of afa ordinary single jet of gas. 

Fig. 3. — Of a jet from one of the orifices of the furnace 
diffusion-tubes. 

Fig. 4. — Of a jet formed by the blow-pipe. 

All these figures are given of the full ordinary size. The 
atoms of air and gas, however, are necessarily represented of 
enlarged dimensions, that their respective situations and ac- 
tion may be the more perceptible. 

Fig. 1 is the section of the flame of a common candle. 
The series of circles, a a, represents the line of atoms con- 
stituting the interior surface or stratum of the air, endea- 
vouring to obtain contact with the atoms of gas, g g^ which 
constitute the exterior surface or stratum of the " dark cen- 
tral cone" (see page 1 02.) The intervening space, p p^ will 
then be occupied by the atoms from these two surfaces, as 
they mutually obtain contact and are chemically combining 
and giving out heat, and the products of their union. In 
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tMs place alone coiabustvm is poin^ on, forming the 
conical envelope"; — properly speaking, the fame:* and 
we have the mininivm, or loweat degree of heat. 

Fig. 2 represents tlie flanie of a single gas jet. Here 
inner suporfii'ial stratum of the air, a a, and the outer su] 
ficial stratum of the gas, ff ff, are siiiiilarlj- circumstanced 
those in fig. 1 1 the action of the air is also the same, beii 
in both cases, preesed against the gas with a force equal 
the barometric pressure. 

Fig. 3 represents a jet from one of the orifices of the diffil'^ 
sion-tubes, as shown in tile diagrams Nos, 9 and 10. 

Fig. 4 represents a jet occasioued by the action of thai 
blow-pipe introduced into the body of nuconsumed gaa col- 
Icctod round the wick of the candle or lamp, and '■ waiting 
its turo" to obtain contact with its equivalent of air. - Here 
we have the mtusimwn of heat. 

Let us now inquire into the causes of the difference in tfav 
heating powers of these four states of flame. In fig, 3 we' 
saw, that the contact was obtained by the mere atmoapherivi 
pressure of the exterior air against the gas evolved in tha' 
interior, — the relative quantities of each brought into contaot 
being necessarily limited to the extent of their respective 
surfaces, and the rate at which their union was efiected 
and, since both these were at the viinimum, the heat givfln 
out was also at the minimum. 

In Hg. 2, the action of the atmosphere and the amount of 
its pressure being the same as in fig. 1, we should naturally 
infer, that the quantity of gas consumed and heat produced 
would be the samo. That, however, is not the case ; foP 
here, the gas being forced, by mechanical pressure, against 
the atmosphere surrounding it, creates, for its own purpose 

' " La flamtno n'oM jamais lunlncueo quU na surface exteiieore jmme quo o'e 
iBMnlemcnt que Ic giz inflanimable est En coElaetaTM I'air amblant, et quo 
eomboBtion ■ lieu."— Pstoit*, p. M!. 
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an additional extent of surface. The rcHult is, an inereaMcil 
measure of contact — of chemical union — and combustion. 
In this we find the first characteristic of the jet^ as contra- 
distinguished from the action or motion resuhing from mere 
rarefaction. The difference between the quantity of heat 
evolved between these two descriptions of flame will be as 
their difference of contact surfaces : for in this alone is there 
any variance. This, then, I call the mean heat between the 
extremes of the candle and the blow-pipe. 

In fig. 3 we have an entirely different state of things 
demanding special notice. In the last example, (fig. 2,) the 
gas was set in motion frmn wiihin^ and im])elled, with in- 
creased activity, against the air which was outside of it. 
We have now to reverse this order, by giving the air an 
impulse from within^ against the gas on its outside, (See 
page 111.) 

As far as mere mixture or diffusion is concerned, we 
should infer, that the effect would be the same in both 
cases: that is, that the two gaseous bodies would 
mingle to the same extent, whether the air were impelled 
against the gas, or mce versa ; inasmuch as, the amount of 
causing influence being the same, like cause would produce 
like effect. 

■ 

This, in fact, would be the case, were we merely calculat- 
ing forces ; for, whether A be propelled against B, or B 
against A, the same amount of force is generated and ex- 
perienced by both ; the resistance being equal to the pressure, 
it being then a case of mere action and reaction. 

But, in the case before us, there are other circumstances 
requiring to be taken into consideration besides the mere 
amount of force. We must take into account the relative 
quantities to be diffiised and oxygen to be separated. The 
kind or extent of diffusion essential to combustion is, then, 
not as between A and B, but as between A* and B : that is, 
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between four atoms of air and one of gas; or, in volumes, of 
ten of air to one of gas. — (See diagram No. 1.) It thus be- 
comes important to consider which is to be the moving body, 
and which the recipient — which in the active and which 
in the passive state ; inasmuch as we find the quantity of 
combustion is considerably influenced by this circumstance.* 

In the case of the candle flame, fig. 1, and the gas jet, fig. 
2, the gas impinges against the air by the force of its ascend- 
ing faculty alone ; and, meeting the air in its sluggish or 
inert state, the volume of gas is not able to obtain con- 
tact with its equivalent (or ten volumes) of air, except to m^ 
very limited extent, until too late ; that is, until one or botLi. 
have been carried beyond the temperature required for che— 
mical action, and heucc the low calorific cflect and quantity 
of smoke produced. 

If, however, as in fig. 3, wo impart to the air the impul- 
sive effect, its action becomes accelerated, and we thus in- 
crease, j)ractically, the extent of its diflusion and chemical 
action, up to the point of mutual saturation. This point, 
however, in either case, must not be exceeded, as the gas 
would then be overcharged by the air propelled against it, 
and a reaction would ensue from the cooling influence of 
such excess of air.-f- 

In fig. 4 we have a similar illustration, but more strikingly 
exemplified, by reason of the increased impulse given to the 

* I do not mean to urge this as a principle connected with the diffusion of 
gases. I here merely refer to its practical influence in the case before us. If in 
the Bade light, where one gas is impelled against another gas, in the proportion 
of two volumes of the gas impelled to one of the gas receiving the impulsion, the 
circumstances above referred to are productive of similar results, ^e subject would 
merit further consideration. 

t *' Taut que la quantity d'alr qui vient Idcher la flamme n'excede pas celle qui 
est necessaire k la combustion, celle-ci est accderiepar le couranty la temperature 
de la flamme s'^ldve, et devient plus brillianto, quolque d*une moindre ^tendue. 
Mais aussitot que cette limite est depas^e, I'exces d'air sur la flamme s'y 6chauffe 
inutilement, lui enlibve de la temperature qui lui etait propre."— Pe^tAse; Traitc 
de Vodairaoe au Oat, p. 402. 
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^if, and which compensates for the Binaller adiiiis8i()n-orifii'(% 
*8 compared with the preceding case. Thus we see, that a 
^''wfiw orifice, with an increased impulse, produces a greater 
effect than that of a larger orifice, with a diminished activity 
in the air. The result merits more attention than can here 
^ given to it. 

There are several other circumstances which tend to in- 

woase this difiusive influence and its effect ; but to go more 

JQ detail would be departing from that practical application 

*o which I have endeavoured to confine these observations. 

Among these, however, may be mentioned a very important 

^^, namely, those arising from the varying temperatures of 

the gas and air at the time of contact ; for, if we suppose the 

temperature of the injected air to be also raised, we can 

readily understand how the effect would be increased, in a 

commensurate degree, inasmuch as it would be the means of 

imparting to an increased mmiber of its atoms, in the same 

time, that degree of heat which is essential to chemical 

action. 

All these favourable circumstances combining in the action 
of the blow-pipe, we find, as might have been predicated, 
the maximwa oli heat^ though not of light. This distinction, 
however, not being directly connected with the matter under 
consideration, to enter on it would be a digression, which, 
however interesting, would not here be justifiable. 

This analysis of the action of the air enables us to under- 
stand the principle on which these difiiision-jets, fig. 3, pro- 
duce superior heating powers ; and we see how closely they 
are allied to that of the action of the blow-pipe ; being, in 
fact, perfectly analogous in principle^ and differing only in 
degree. We also here trace the source of the intense heat 
produced by the action of the blow-pipe. In this latter we 
perceive, that the entire of the numerous atoms forming the 
two contiguous surfaces, a a and g g^ are simultaneously 
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enconntering their reqtective ei}uivalente, entering into c 
niical union, and producing combustion: iu fact, cbangi 
electricities. During these eevenil processes the air is il 
(xinttnuous onward motion, by the force of the pressure or b 
impinging on the outward cone of gas, aud drawing, in i^ 
sume direction, the heated products of their union. Hencefl 
have a current of accumulated heat aud evolved electridjl 
converging towards a given point, and there concentrstf 
with an intetiBity proportional to the extent of surface i 
rapidity of the current. Here wo hnve the cause of its « 
mum of heat." 

But there is a feature in all this which must uot be ovej 
looked, namely, the relation which these extended surf 
and their niutna) action bear upon the question of time, I 
here lies the source of qitantity and iniemitg. The degi 
in which these latter are produced is, then, Bnally resolvi 
into the question of effective surface obtainable in any a 
wiit of time ; for effectlm surface ia here only another J; 
for quantity/ in the combining atoms ; as tinie is but anotG 
term for their e^isctine union. 

I have dwelt thus much on this point, because the i 
vantages obtainable from the mode I suggest of tntrodia 
ing air to the gas arise, mainly, from the peculiarities inoi 
dent to the action of f]ie jet, as compared with any othw 
mode of bringing these elements of heat together ; thei 
peculiarities being irrespective of the causes which produi 
them, whether they be the result of the natural indraught, i 
in the Furnace ; or of exterior force, aa in the blow-pipe. 



Iriail aotfon : a chsrgBd puai 
of Bliioh they an tonned, d 



rfsees.o and «. wltbin tbe aphtre of cbem 
irely.iuid >/iiEgstlveJ;: and. farther, tlut the at, 
riDR the ut of chaneing their electric fltatea, are is- | 
lolvad In a nipld motion, gorging towards a common centre. We can. then, ei 
coneclve the nature and exUnt of that coDOcnttatioD which mnsb enane. In 
case, supposing that the laaec formed a stream of oiygea. and the outer bodf aatf I 
of hjdrogeu, the lott«r wiU giye out nogatiro BlectrLcity aud the former po«ItiTe \ 
olectricitjr. The roaiiltswai be found in the products generated hy theli 
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a the matter, (hen, as we mav. the quostion of perfwit 
mperfec-t combustion, as far as human nieaoB are to be 
a one regarding the air, rather than tho eominmtiSU: 
■Hbe mode in vrhiuli it may be ititroducod, rather than the 
gttantities supplied. 

Bat why ahould the practice, at the present day, require 
that we should have to enforce the necessity for manago- 
meiit in the introduction and distribution of air to tho gas 
in the fiimac«, seeing that it is so analogous to the mo<lc now 
nniversaUy recognised in bringing gas to tho air in the lamp { 
Porfect mixing and diffusion being the objects sought, all 
that science, ingenuity, and experience has established as 
Bound and useful in the one (»se is equally so in the other : 
and in the application of skill or Judgment in pursuit 
of this object, it makes no difference whether we speak of 
bringing ^as to the air, or air to the gas. 

From what has been said it will be manifest, that that 
remedy will be the best in practice which will best enable 
aa to effect the following purposes : 

1. Establishing a complete control as to quantity over tho 
admission of air to the gas6iyn4 matter in the furnace. 

2. Establishing a similar control over the admission of 
air to the carbonaceous portion of the coal resting on the bars. 

3. Keeping these two supplies so distinct that they can- 
not mar each other's functions by influencing the quantity 
or quality of either. 

4. Eestricting the supply of air to the ignited carbon on 
the bars to what is required for its own special union and 
combustion. 

5. Accommodating the supplies of air to the consecutive 
character of the several processes which take place in the 
furnace, by introducing it in the right place. 

6. Enabling the air to overcome the impedimenta to its 
diffnaion with the gases, resulting from their varying specif 
gravities. p 
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7. Preventing any cooling operation in the furnace, 1 
presenting no larger portions of nir to any portions of f 
than can be combined, chemically, with such portions i 

spectively, 

8. Counteracting tho evils arising from the mwrwrf ^ 
onward raotion of the combustible gases i which cun 
obstructs or delays their incorporation with the air. 

9. Presenting the largest possible surface, for mutual C 
tact and diffusion, between the constituent atoms of the g 
and those of tho air, with the view of compensating for tbs J 
want of (ime. 

10. Ensuring not merely the introduction of an adequi 
quantity of air to the g.aB, but the completion of their pr^ 
paratory mixture, before either has passed beyond the ranj 
of the temperature required for chemical action. 

These several heads will be found to embrace the ees 
tials towards obtaining as groat perfection in the procees a 
comhuBtion, and, consequently, as high a calorific el 
compatible with the conditions of a furnace. 

Let us see, then, how far tho proposed mode will sath^ 
these desiderata. 

The diagrams, Nos. 9 and 10, will illustrato the principl 
on which the proposed remedy is founded, as follows 

1. Tho air is introduced by means of a Beries of distribn- | 
tors, or diffiision-pipcs, with numerous small orifices, throogh 
which it will enter, as through a series of blow-pipes, Th^ 
effect of this will bo the obtaining the largest possible extes 

of contact surfaces for the air and gas, by which the want 4 
time will be compensated. 

2. The air is introduced to the gas from a separate ch: 
ber, wholly unconnected with the ashpit, (which latter s 
the part of an air-chamber for the carbon on the bar 
No interference, therefore, can arise, and no deterioration d 
the air passing to either can take place. 
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K Tha several jete of air, as tbev pass outwards, are heated 
B pipea. By this apro tanto measure of heat is saved 
e furnace. 

H. The air, being introduced in jets, acquires a Force hy 
I it is enabled to penetrate the mass of gases which 
jounters in their onward current ; thus materially aiding 
^process of diffusion. This quasi process of injection also 
a to neutralize the effect of the varying specific gravitiea 
Iffte several gasea ; the heavy atmospheric air being thus 
i among the hydrogen and other lighter gases. 
. These diffusion-pipes arc spread over a large surface of 
t flame-bed. The effect of this is the preventing any 
a of heat in any one locality ; giving a more available 
Hit of active flame to the boiler; corresponding, in effect, 
ll an enlargement of the furnace. This arrangement, also, 
modatea nature in the consecutive processes of combi- 
a and combustion, as the hydiogea and carbon aucces- 
tij come into action. 
#. The air is introduced at intervals along the whole line 
tbs flame-bed, and even in the fines. The effect of this is, 
t the temperature required fur tlie ignition of the gasea is 
mded to a corresponding distance from the furnace; thus 
^ving time for the last atom of uncombmed gas to obtain its 
equivalent, before passing beyond tlie confines of such tem- 
perature. 

In suggesting this mode of effecting the due mixture of 
the air and gas, I do not affect to say that it is the beat for 
accomplishing the desired purpose. What I do assert is, 
that I have directed attention to the true causes of the im- 
perfect combustion which at present prevails in our furnaces: 
to the true principle on which they may be improved: and 
to the part which chemistry has to act in reforming them. 

Before concluding this notice on the mode of effecting the 
combustion of the inflammable gases, I caunot omit adding 
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Is on one of the modes recommended by other 
namely, that which Sh founded on the idea, which appears t 
have laid hold of tbo minds of so many inventors of I 
years, that the gasea are consumalle by being brought i: 
contact with a body of ''■ gloirhuf incaiidesMnt fuel.'" 
will be inquired into more in detail when I come to e^i 
the various plans of " amoke-buraing" fiimacea and boileM 
I am here only desirous of checking that misapplication q 
talent and means which the adoption of this fun<i 
chemical error induces, and giving them a more correct 8 
useful direction. 

The leading condition of the combustion of the inflam- 
mable gasoH being the mixture with the oxygen of the air. 
in given quantities, and at a giv&i temperature, these inventors 
have, in too many instances, to the utter neglect of the formar^^ 
exclusively directed their attention to the latter, — the obtain 
ing the highest degree of heat, even to iucandesence, for tlM 
gases. Now, this is unquestionably the condition whiel 
demands the least attention at our hands, if aviy at aS, tu Xm 
shall hereafter prove. 

With respect to the bringing the volatile products of c 
{gas, or smoke, or whatever they may be called) into conta 
with a body of incandescent fuel, or any way in connexi 
with the temperature of incandescence, the result will be tl 
reverse o{ that on which these patentees have based their pro* 
tensions : namely, the ahsorption of heat by their decompo- 
sition, instead of ffivi'/tg otit heat by their combustion. Thia 
fact has long been known, and, in one of Dr. Henry's Papers, 
(vol. iii.,) read to the Manchester Philosophical Sooietyv'' 
above twenty years ago, he says, " It is a wdl-kamcn proper^ J 
of both the varieties of the carburretted hydrogen, that thi 
deposit charcoal {virtually become smoke) when heated 
and M. Berthollet has shown, that the amount of thia e£fed 
is proportionate to the increase of temperature." Wj 



, therefore, not allow oorselvee to be decei' 
appearances, wben we see less smoke, by imii^iniii^ we 
have conswmid it. Tiiest- ajipcarances, and the abeenco of 
the dark, sensible colour of the carbon wliiL'h frerjuently 
occurs, may arise, we have seen, from other causes quite 
unconnected with coiubustion ; and, in some cases, are the 
very reverse of it. 

This erroneous notion of the supposed combustion of 
the gases, (or "smoke,'') by bringing them into contact 
with a mass of "glowing coals,'" appears' to have ori- 
ginated with Watt ; and having been adopted by Tred- 
^Id and others, baa since passed into a recognised prin- 
ciple, — thus, by inducing a couveational mode of speaking on 
the economy of fuel, tending much to perpetuate the error. 
It appears strange, that, while so many have taken this as 
their text, or adopted it as their starting-point, none of these 
mechanical inventors hare examined, or even doubted, its 
correctness. Yet any chemical work of authority would 
have informed them of the well-established fact, that decom- 
position, rather than combustion, is the result of a high 
temperature applied to the hydro-carbon gases : that no 
possible degree of heat can consume carbon ; and that its 
combustion is merely produced by, and is, in fact, its union 
with oxygen, which latter, however, they take little care to 
provide. 

The " co»jiiM(io» ofamoke," indeed, seems to have been the 
grand desideratum ; and the coat of following this ignis 
fatuits is proved by the numerous patents which it has led 
to, from the days of Watt to the present time. In Newton's 
Journal of ArU^ (August, 1840,) we find one (the last, I 
trust, of tlie series) in which the changes are rung on the 
same theme. 

In this patent, the smoke, " coming into contact with the 
charred or red hot coal, as it rises from the green or fresh fuel 
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n the &oat of one furnace, ia to be consumed by the twI J 
/r« of the aecoud furnace." This patentee begiua by ii 
ing the world, that " the object of his iuTontiou ia the b 
perfect atnsumptioa of smoke." Consumption of coals wm 
have been a more appropriate title. Yet, here is i 
ingenuity exercised in ensuring contact with " red hot £ 
which ia not called for, or necessary, or useful ; yet not o 
word do we find respecting ita miion with oxygen or i 
the really and only important condidon there required. 

These patentees, in fact, speak of the combustion of gal 
smoke, and vapour, as they would of burning a j 
wood by thrusting it into the fire. Yet, chemistry teat 
that heat haa nothing to do with their combustion, 1 
this, that a certain temperature ia essential to the di 
ment of chemical action between the combustible and i 
supporter, vj/tm Both are broiu/ht together. But providi 
heat ia not providing air ; neither is decompoeitioE combi 
tion. 

In Newton^a Journal, of February last, wo have anot4 
notable instance of the neglect of chemistry, when a 
of combustion. We there have the apecification of a patti 
for " an improved furnace for consuming smoke, and [all 
matter of course] economizing fuel." In that patent i 
have the usual repetition of " the smoke and gases ; 
from the cmihustion [error first] of a fresh supply of fuel, I 
coining consumed, [error second] by passing over the surf 
of a glowing fire in the fire-place contiguous." 

Again : " The smoke and vapour will be compelled to p 
through the lateral opening in the partition, and over ii 
red-hot fuel in the fire-place ; which smoke and vapour, 1 
ita passage, will necessarily become consumed or put i 
state of combustion" : and, winding up the story, we t 
told, that " the dense volume of smoke and combustible y 
pour, evolved at every fresh supply of fuel, may be conduct 
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into the adjoining fire-place, where, by passing over the 
ignited red-hot fuel, it may become burnt and consumed^ ; 
yet, through the whole of this specification also, we have not 
even a passing notice of the value which a portion of air 
would impart to this ingenious, but lamentably erroneous, 
smoke and vapour burning process. 

Here, as in most of such cases, the use of the ^' red-hot 
fdel "^ in the furnaces is mistaken ; and, l)ecau8e red-hot fuel 
would bum the fingers, it necessarily is supposed capable of 
burning the gas. The peculiar use, then, of the red-hot fuel, 
as regards the gases, is, not in causing their coinbusticn^ 
but their generation. 

I regret having to take unfavourable notice of these inven- 
tions ; nor would I have done so, were it not necessary, in 
the course of proofs which I had to adduce, that those as- 
sumed principles, which are so palpably in opposition to 
chemistry, should be strongly and broadly pointed out : for, 
with a like chance of being right or useful, would a man who 
had never seen a ship, a compass, or the sea, give sailing in- 
structions for a voyage, as he who undertakes to give instruc- 
tions on the mode of combustion, while ignorant of the 
relation between chemistry and that extraordinary process. 
This neglect of chemistry, when treating of combustion, 
cannot be too strongly exposed. For chemistry is no longer 
the noiysterious alchymy of a century ago : it is now a mere 
rigid inquiry into nature'^s processes and laws, by the aid of 
those proofs and illustrations which nature herself has sup- 
plied. It has taken its place among the exact sciences, 
and now recognises no man^^s dictum or opinion, apart 
fi*om experimental tests, and strict circumstantial evi- 
dence. 

Looking, then, to chemistry, I would add, in reference to 
these smoke-burning expedients, that, if there be any one 
thing to be a/caided more than another, in obtaining heat 
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from gas, it is the bringing it in coanexion with 
carbonaceous matter, or to any tbiag approacliing the 
perature of iitcandesenees, or in any wi^j risking the 
decompasition, until we are assured of having the ineans 
of contact with air fully provided for. 

Indeed, the temperature of iueaudeaence has no natural or 
chemical relation to the fact of combustion, in gases; for, while 
it does notliing in aid of the generation of heat, it risks the 
loss of the latter by promoting the formittion of other and 
injurious unions in the furnace. 

Sir H. Davy has shown, that the combustibility of the 
gases is increased by increasing their temperature ; but this 
combustibility implies their union with oxygen. This union, 
however, is strangely overlooked in the search after temper- 
ature. Increasing the temperature of the gas, by bringing 
it into contact with incandescent fuel, can only have the 
effect of increasing its capability, or /acuity for combustion ; 
but does not produce or cause combustion. 

Sir H. Davy observes, that, " by heating strongly gases 
that burn with difiiculty, their continued inflammation be- 
comes easy'\ and, further, that "expansion by heat, instead 
of diminishing their combustibility," (as had been asserted,) 
" on the contrary, enables them to explode at a lower tem- 
perature." Enabling them, however, to burn at a lower, 
temperature, or increasing their faculty for combustion, 
one thing, while bringing that faculty into action is anotl 
and a very different one. 

Let us take an illustration on this head from the, flame 
a candle. The high temperature to which the gas in the 
centre of the flame is raised considerably increases its inflam- 
mability, or faculty of combustion : that such high tempera- 
ture, however, does not produce combustion (as is taken for 
granted by these inventors) is self-evident. 

"This vapour," observes Dr. Thomson, "is raised to such 
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a high temperature, that it combines rapidly with the oxygon 
of the surrounding atmosphere. The flame of a candle is 
merely a thin film of white-hot vapour, enclosing within a 
quantity of hot vapour, which, for want of oxygen, is iticap- 
able of hurning!'''* 

Now, this is the whole case against these gas and smoke 
consumers. For, if high temperature could eflect combus- 
tion, this little nucleus of gas in the centre of flame of a 
truly incandescent character would assuredly have been 
consumed. Yet Dr. Thomson and all other authorities 
prove it to be " incapoMe of burning.'*'' 

It is the palpable oversight of this distinction be- 
tween increasing the faculty of combustion, and actually 
producing such combustion, which has led to that manifest 
chemical blunder, — the supposing that coal gas is to be 
humed by the act of bringing it into contact with bodies at 
a high temperature ; or, in the words of the patentees, by 
** causing it to pass throtiffA^ over, or among a body of hot, glow- 
ing coals.'' Indeed, these words of Watt, "through, over, or 
among,'' have much to answer for: they have led more men 
astray, and have occasioned more waste of money, loss of 
time, and misapplication of talent, than almost any other false 
light of the day. 

In our efforts, then, towards eflfecting the combustion of 
the gaseous products of coals, it is essential that we steer 
clear of this hitherto unquestioned practice; attending 
solely to the question of air, and all that has reference to its 
introduction, distribution, and diffusion ; for we may take it 
for granted, that the condition of heat is but a secondary 
condition ; and that the required temperature will never be 
wanting in the furnace from the moment we " light thejlrey'' 
if air be supplied in the proper quantity, at the proper 

* " On Hoat and Electricity," by Thomas Thomaon, M.D. 1840. 

Q 
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plaee, and in the proper manner. If these condiiions ho 8 
tiafied, the funi.ice cannot fail in supplying sufficient Iieat ; 
and will no more require the aid of a " body of tncaadcgccat 
fuel" than the flame of a candle or the jet of the blow-pipe, 
fiut, if these conditiuna be not satiafied, an accession of heat 
cannot remedy the evil, however it may aggravate it. 

But, I have said, this erroneous view of the combustion of 
the gases began with Watt. His patent of 1785 fully jus- 
tifies thisasaertion,* In bis specification, after reiterating the 
injunction, that " the smoke or flame is to pass over or 
througli the coked or charred part of tho fuel," ho suma tip 
in these words : " Lastly, my invention consists in the 
method of mimiming the smoke and increasing the heat by 
causing the smoke and flame of freab fuel to pass throagh 
very hot funnels or pipes, or among, through, or near fuel 
which is intensely hot, and which has ceased to smoke" ; 
and then follows that part of his instructions which his 
eueccssors have so strangely neglected, " and by miaiiri^ it 
with fresh air, when in these circumstancee," 

It is clear, Watt had a right concejition of the necessity 
for mixing air with the gits. His error lay in tho extent to 
which he considered the application of heat essential to its 

* WBtt'spatont.of I7SS. (BBellepcrlarrof Aiti,val.lT.,p.3«,) ooiulsta' 
lug Uie suidka ur liBino of tlnj fresh fuel to pMa. tugBlhor with a enttent of fiolij 
uji. Ihrougti, over, or among fmil vblch bos veoieil to raioke, iR which Is conTerMl 
fnto cuke, cbanoal, or ctnilerg. anil which la InlcBHelj hut, b; which Vba 
or groiHr puis of the flame, hy Domliij; cIobb iuto coDtwit with, or bj bolngbnintfil 
cesf uato, the gaid intense]; hot (uei, UKl b^ being mixed witb the cairent of 
ftvsb or unbumt ajr, nie ooniiiuned or converted into hent, ur Into puiv flame, frea 
^m unoke- I put this in praeticfl b; couatrDctlnj; the fire-place in ntch a nmnn^ 
that the dame and the air which animates the Ons oiusC pue duwawirdii, or later- 
allf , or horiiontailj t^irongh the boniiDg fuel. In some caaea, after the fliune has 
pasDd through the burning fuel, t causeittopiualhronehaTeri'hot fUiiiiel,fliie, 
or oyen before it come> to the bottom of the boiler, by which means the siaoke is 
liin laen eJaXaaOit ointimtd." Neglecting the sound, and adopting tho onBonnd, 
part of WatCa spodfltation. several patents have, of Ute fears, been taken ont In 
the very words at the above. In one of these, by menu of double rumaMB, one 
above the other, Che gas generated Id the upper one Is actually forced or diann 
down by artlHoiai currents tbtougb the l^ted fuel in the lower one. 
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rtion. His foliowera and common tators Tredgold sod 
others, havo neglected that part of his instniutioDS iti which 
he was right — the " mixing with fresli air" ; and have fixed 
their minds on that in which he was wrong — the bringing the 
gas or Bmoke "throuff/t, over, or ataoitff intensely hot fuel." 
So much, indeed, was Watt impresBed with the im- 
portance of this intense heat that he aotually provides both 
for the "/resh air''' and the gas passing through the hot fuel 
on the bars ; overlooking the facts, that, in that event, 
the air would no longer remain pure; and that no heat 
to which he could introduce the air or smoke could equal 
that created in the furnace by the very act of union botweou 
the air and the gas; but which be erroneously imagines can 
be aided by tlie heat of the " charred part of the fuel." 

Thus, we see, the very words of \Vatt, where bo was in 
error, have been adopted to express the main, and, in many 
instances, the only, feature of these Bmoke-burning patents ; 
while the judicious part of his instructiooB has been unac- 
countably omitted. 

I need only say, chemistry has since taught, that the 
whole process is either injurious or unnecessary ; and that, 
if the introduction ol' air be properly managed, the necessary 
heat for effecting combustion will never be wanting in the 
furnace. 

The mere enunciation, then, of a plan for " ammming 
tmok^ is p^rima facie evidence, that the inventor baa not 
sufficiently considered the subject in its chemical relatione. 
Chemists can understand a plan for the prevenlioa oisinoke, 
but, as to its comhusdm, it is so unscientific, not to say imi>0B- 
uble, (if there be any truth in chemistry,) that such 
phraseology should be avoided. The popular and conven- 
tional phrase, " a furnace burning its own snioke,^^ may be 
justifiable as conveying an intelligible meaning ; but, in a, 
aoientific work, or fnjm one pTOfessing to teaeb those who 
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cannot distiiigaisb for theniselves, and who may thus be li 
into error, it is wholly objectionable, 

But let justice, however, be done to Watt. It is not b 
fault that tlic errors he committed should continue to be r 
[Hiated : he would have been among the first to benefit by u 
apply the more correct principles of combustion developed I 
the rapid improvement of chemical science in subseiiaei 
years. My own views of the merit due to Watt, and the ii 
justice done to bim and to science by so many of his ill-judge 
eulogists and followers, have been so ably and eloquent 
urged by Mr. Parkes, in deprecating this habit of blin 
submission to rules founded by one set of men, on the it 
complete experiments and imperfect knowledge of auottu 
set, that I cannot better express my sentiments than b 
quoting his words : 

" The name, e.tperiments, and practice of Watt are aJfl 
very commonly used by writers on the steam-engine, i 
argiim(Hits and data for empirical rules which Watt woul 
have been the lirst to repudiate. This is a system whid 
cannot be too strongly reprobated. It has had the effect ( 
restricting rather than of extending the conquest and realm 
of science ; and much injustice baa been done to th 
character of these diiitinguiahcd men by the excessive zea 
of disciples. Smeaton and Watt were not merely engineena 
they wore great practical philotophers. Their career wa 
marked by a succession of bounds over mechanical ohstaelei 
Their writings exhibit a modesty becoming greatness ; aiu 
in giving to the world an account of their experiments an 
discoveries, tliey never dreamed that they could be regarded' 
as laws to control future ages, or be viewed otherwise thati 
as progressive steps towards the attainment of a perfection 
in their favourite pursuits, which, they well knew, neithe 
the life nor labours of any single man (however ^ 
genius) could accomplish." — Paries on Boilers and i 
Trans. Inst. 0. E. Vol. iii., Part 1, p. 24. 



SECTION VIIL 



' OF THE PLACE FOR THE INTRODUCTION 
OF AIR INTO THE FURNACE. 



The last consideration of the aeries regarding the intro- 
duction of air to the furnace, has reference to the place or 
situation where it may act its part with the greatest effect 
in aid of the means hy which nature works out her own 
ends in the process of comhustion. 

From what has been said, it will be manifest, that the 
situation to be selected should not only be such as will 
favour its coming most advantageously into contact with 
the combustibles with which it is to unite, in their respec- 
tive states of solid and gaseous, but that it sltall not inter- 
fere with any other of the processes going on in the fur- 
nace : otherwise, we risk the counteracting in one direction 
the good we do in another. 

These conaidei-ations are generally overlooked in practice, 
&nd the whole summed up in one in discriminating, general 
role, as expressed by Trcdgold, namely, " that, in order that 
perfect cmtihuseion, or burning of the fuel, may take place, 
the air should have free access to every part of the fuel 
which is heated sufficiently to bum." Here there is no 
discrimination between the gaseous and the solid, and no 
reference to quantity of air or any other condition of 
" perfect combustion,'" This loose mode of expression, par- 
ticularly when it conveys erroneous principles, is highly 
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rfprclicnsible. Sucb dicta from sucli quarters pass c 
and, becoming fixed in tlie mind of youtli, present | 
ohstaclea to the introduction of truth,*- We meet v 
such inaccuracies in the works of our best chemical autl 
Unfortunately, steam engineers look less into chemical a 
rities tlian in consistent with the science tbej profes 
their real interests. 

I assert, in contradiction, that ''/ree access" should I 
ha given to any part of the fuel iu anif sfaga of burning, i 
that such is incompatible with " perfect combustion.'" 

The first consideration, thDn,arising out of the several Bl 
of the combustibles is, that there be, at least, two distin 
])lace8 for the admission of the air, and tliat these \ 
situated that they bo susceptible of separate control. 

Of the place for admitting air to the solid carbon on the 
bars, it is manifest we have ho alternative; for, even if we had 
a niore practical, it docs not appear that any more judicious, 
ploi^e could be selected than directly from the ashpit upwards 
towards the bars and the fuel upon them ; yet, a patent 
lias actually been recently taken out for reversing this order._ 
This arraugenient, indeed, cannot, as to place, be improve^ 
inasmuch a^ the carbonized fuel, being spread on the b 
with an extended surface for the air to act on, presents^ 
most favourable means of bringing both togethet 



*T(iUil>geneMnileisidaeiItiiBfollol*lDKiTicampnlieiuible. ud,fTom&«c 
tiflc man, unpitntnoably avekHa Bjid airoQeoiu, oot 

■■ Perfest conibuHtloa of Ihu fnel is to be nnduntc 
with oliWuing the ;;j«atcit degree of uMfUl eSfect. It must neTct b« pusheil W 
point whmi tltepueoUB pmilucta, sail tlic Mr accestuy Hi 6I«d Cf ^rc, comumeii 
luwt Uiita (lie foel generatoa." 

How ■' pcrfeot mnbnBtion" is to range iato this itat« of Imperfection 
llgibls. Tbe idea of perfest aiimbugtinn bolng " pnslied too for," ao u tu 
hent tn be omuuined than It generatei, ia a ctiemlcnl novelty. Agsin, how the 
"(maaoiiHpnKlaDtB"mtaeoaniiDeiiir is equally nnintclllglble. The qnuititj'of 
nil ntMesHUTto " blew tlio fin" must tie Cur others to dlacoter. "Pcrfuot Min- 
ImatiDa" belnff only oonHidtent with the ^*greatost degree of uaohi] ttffect 
nnothor niail« uf raying It is to be conaistent wltii it»iir. 
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ere particularly to be observed, that no grcatet 
tity of air ebould bo allowed to enter, in tbis direction, than 
wliat is strictly applicable, and required for the union and 
combustion of the carhomsed portion of the coal. 

That portion, however, of the air which is intended for 
the gaa, must be supplied from some other quarter, and 
requirea another arrangement ; fur, as we have been warned, 
when treating of the quality of the air, the ehanael liy 
the aalipii and bars is the most objectionable that could 
be selected, inasmuch as it cannot reach the gas, in that di- 
rection, without first urging, unduly, and in the way of blast, 
the combustion of this carbonized matter ; and, also, with- 
out xmdorgoing manifest deterioration and loss of oxygen. 

Tredgold contemplated introducing the entire supply 
of air through the aahpit and bars ; and in the descrip- 
tion attached to the plates of boilers and furnaces, in bis 
work on " Ventilation," (lately republished,) tbis is put so 
distinctly that it cannot be misunderstood : " The gas which 
distils from tbe fresh fuel having to pass over the red bot 
embers, iJtrowjh which the air from the aakpit ascends, will be 
inflamed," ha. 

Mr, Parkes was the first, I believe, who suggested and 
adopted, in bis patent of 1820, a separate supply of air 
to the gases, selecting the bridge as tbe locality. If the 
^ is to be introduced in a mass, or in any one locality, 
then the hollow bridge of Mr. Parkes is unquestionably the 
most suitable; because, tbe greatest body of beat being there 
collected, the efiect of its cooling influence would be attended 
with, comparatively, tbe least diminution of complete 
combustion. But it has been already shown, that tbe 
required supply of air is, necessarily, so great that it 
precludes tbe possibility of its being introduced, at any 
one place, or through any few orifices, wherever they may 
be situated, without manifest danger from their cooling 
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In wbut i»lace, then, should the air be admitted ! This 
KMi only be .tiiswercd by reference to the chemical oonditions 
under which it tombinea with the gas ; namely, those of 
quantity— |)reparntory mixture or diffiision — and tempera- 
ture. For obvious reafiona, theae conditions cannot be satia- 
tied at the bridge, or in front of it. We are thus reduced to 
tlie alternative, that, as the air to the carbonized fuel on the 
bars must come from the ash])it, that to the gas muet be 
iutroduued beyond the bridge. 

Looking clieniically at the constitution and combustion 
of gaseous bwlies, the only advantage which the locality of 
the bridge presents is, the securing one of those conditioDB 
alluded to, namely, the rcijuired temperature. This, how- 
t^vcr, it has been already tihown, demands the least attention 
oil our ]>art, though unaccountably considered ax the only 
one necossury, and from which so many of the errors of the 
present practice have originated. 

\Vere it possible to maintain a continuous high tempera- 
ture at a distance from the bridge, or a chain of igniting 
points or stations, the most effective mode of introducing air 
would be by a corresponding succession of jets along the 
flues, (due regard being had to the entire quantity required,) 
thus feeding, as it were, the stream of gas through the line 
of its flight, and producing a continuity of combustion, or 
body of flame ; avoiding an extreme of heat in any one place, 
or a deficiency in another, until the last atom of gas had 
been supplied with oxygen, fired, and chemically consumed. 

* An ImpmTcd mudiHiULtion gf Ue butlgH bridEU has been, tar oiaoy 
ululated, on the sugfiwrtiua gf Mr. Sliaw, in the iceaels of th« Dublin 
Cumpmy. By this BiTUierot<.'at tite bIt la iatrodnced, not by ■ hglluw bridg«, « 
Irom behind the bridge iu> hu bwu tried nnsaecessfall]', bnt 
lirtdgB : a a™ tile OT brick eWeld betag placed on the bus to p»»i 
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And, if we coQijiiler wliat an eiioruiuua mase of gaa is to bs 
Ignited aDcl of flame produced, from a eiugle ton of coals, (sup- 
posing that all were eoiiBuuied ei)iially well, as iu the Argand 
lamp or jet of gaa light.) the iut'onveiiience of having its actual 
combustion confined to one locality will be the more apparent.* 

As, however, we have not discovered the means of main- 
taining such a siicceasion of gas-ignitiiig points or stations as 
is here su])poeed, we mu%t manage to extend the orifices 
for the introduction of the air as far along the flame-bed as 
possible, limiting the extent to the means of maintaining it 
uaextiuguished, until the whole of the gas has passed through 
its Buceessive changes of preparation, ignition, and combus- 
tion. Thus we would gain a really eftbctive length or 
oontinuousnesB of flame, at the same time that the combus- 
tion would be complete. 

With respect to the Imt/tA of fiani^ obtained in a furnace, 
under the present system, Tredgold considers six feet from 
the bridge as the maximum available length, and which, he 
infers, should have direct reference to the length and shape of 
Hbxs boiler. -(■ This assertion is evidently founded on the aup- 

• OnB too of Minl« produoB* lO.ODO outlc feet of purlfled gu. Thasa peanlrs ten 
timu their loliimD nf utmoaiilieiic alF ; sa; IlJU.ono cnbic feet— nmkins, wdan duW 
imorpomted. nu,(H)i)cnbicfeflt utexptcMlTe mixtum, mill which, wlien flnjd. would 
(mdoiw > full rolunie of iuKniivlf hut Hniue to that oiteot : ud without adding 
ABTj^ing for that expuuioD whi<di BccompotiieB the set of eambiurtloiL 

now. onppoaiog tun enormoiu mus of Bame, or Ignited ganeooB matter, paailnff 
'Skava^ Uie nriHce or throat of ■ tfOnaae une foot nide and one foot high, loae 
toatsqniie,! It nonld extend toadtiitance uf no Lean than lining' a«J (ATa-ijuarim 
■■An Were we to take into ucDnnt the fluoe froDi the lur, oili, and otbei cvm- 
WtAlbles. whioh are atao Tolatlliicd in the fumaeo. thongh upaiated hi the pntifi- 
(Btonof theau wurka ; and add, also, the proportion of air due (othe Dombnatloa 
if tiw H-carbnrettcd hydrogen or oleBant ra, which ia always preaenl to the 
wonnt of from ten to twenty per cent, in coalgna, weeee the volume of dame here 
4eicribed -would be cunalderabl; enlHivod. 

Of the heating nowera of auch einloslie iniitiiiu we cannot have a better IllDS- 
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te emuidered an Iraporttint conaideratlon. yet the loaa of a eorretpoodiaE portion of 
ttlit lia.OOO onbic feel of inflammable matter ia not tobe oontemplated wlUiont ahow- 
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lathe extent of our hiae. The queation, then, is, not what portion of 

WD lum. but Hhal portion of the iw.vr" — ■- '-•■ '-■- — •■— 

tba purpufles of the furnace and boiler. 

r '■ The diatiuice to whicb the ^nr and h-alti ivakt 
h te i^xtaul. will dcriend on the draught of the chimn 
fuel : Trom thne to six feet will he about Checange In a i 
Hut iBi abont six feet with coals and a good dmught. n 
a»ke ud a very slow dranght. Thia, ot oourae, «iU r 




positiou, tbat there u no necesaarj ppeparotory procMS, atid 
that these aix feet aay he considereil as the distance which 
actual Haine travertieB before its constituents are, as it were, 
burnt out, or esh^uHted. This view of the nature of thkuWf 
however, is uot aiipported by any chemical reasoning. 

But lot us inquire what causes these six feet, or any num- 
ber of feet { " Perfect combustion" (which TreJgold would 
instruct ub to effeot) would give no l^nffth of flame whatever, 
and no smoke. It would, in fact, bo eJ!jdmm, as we witnew 
it in the laboratory ; for by no arrangement can we give 
Imgth to flame, after having once effected the mixture of tbte 
combustible and thu supporter. 

If, then, the length which Hame exhibits in the funuKwi 
luu, or ought to have, any practical connexion with the si 
or shape of the Iwilcr, it woidd be ini|K}rtaut to inquire h< 
it could be proniotQil or extended. But mere length of flai 
hfts already been sliowu (when speaking of the 
lamp, page 107) to bo direct evidence, that the proceaa 
mixing the air aud the gas, preparatory to ignition, has beea \ 
incomplete, by reason of a deficiency of points of mutual 
available contact ; this coutinuousuesa, or apparent length in 
Hame, being, in fact, the measure, or iu the ratio, of the time 
during which — not the combustion, but the preparatory rfy^ 
sion is going on. 

For we hare no chemical reason or ground for suppoung 
that flame is or should be cmtmuoiis, or have length, or evea. 
existence, at any distance from the point where its igmtioBi' 
coQuuenced, beyond what is due to expansion alone. Ib' 
fact, length, or continuity of action, is inconsistent with the , 
nature of gaseous bodies, or their chemical combinations. 

Apparent length, then, as I will term it, must bo con- 
sidered as indicative of the succession of new atoms or 
sections of the combustible enteruig into combinatii 
is, of a consecutive process ; and not of the time actuall] 
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jiiired to complete the i-oriibustioti of any such atom i>r 
section. This view uf the nature of flume has an important 
bearing on its practical efficiency in the flues of a furnace, 
and shows us, that our attention Hhonld be diroctod to the 
promoting this consecutive character, or aeries of yerfeet 
combustions, with their rapid combinations, as shown in the 
Same of the Argaad lamp, see tig. 4t) : rather than as in fig. 
18, with its hngihened flanie and inqwrf^^ combustion.* 

From this reasoning we are led to conclude, that where 
fliuae assumes a prolonged or lengthened appearance, as in 
the ease of the candle, or even of the greatest conflagration, it 
is solely in consequence of the atoms of the combustible Iif>e- 
rated gases being, by some canse or other, impeded in effect- 
ing mechaiiical contact and diffusion with the atoms of the 
air; and having to "wa(7 ikeir twnC in effecting their respec- 
tive mixing and firing; and not of any time being required 
for actual combustion, to which the evidence of facts and 
the illustrations of chemiatry are repugnant. 

Were wc assured, that, in these "six feet" of Tredgold, the 
entire of the constituents of tlie gas were adequately incor- 
porated with the air and consumed, no further inquiry 
would be requisite, and we might rest satisfied that combus- 
tion was complete. But the very existence of the " heated 
visible smoke" is proof of the contrary, and we know not 
how much invisiile heated anoke may accompany it. 

But "■ the distance," says Tredgold, " to which the flame 
and heated smoke will extend, so ae to be effectual, will 
depend on the draught of the chimney" ; and this, again, ia 
to "regulate the length of the hottontofthe boihr.^" Can fliere 



» This IB ahown by the fact, thst, iu some c 
oriflces. b b, dUgisn] No. U, the Uune tai 
MmllDMtbiitnliiMtedoDGlDsiaK tbeoiiltcefD 
Interior of the Argmd lamp, see flg. 4«, pa)(e i 
■M HMIita in mpwielat: Ifaat thte tnlnreHianit < 
■- - aee flae ialodioatiTf ' »■— .... 
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^ater jumble of unauthorized assumptio 
encea i Aiwertioiia of this kiud render it neeeasary that 1 
thus should eicamine into the causes, chemically conside'fl 
of the length of flame. Length of flame, then, i 
all cases, to bo regarded as t^good, from wliich advantage n 
be derived ; it may even be evil, which should be avoidM 
It is visible proof, that perfect comhuHtion is iuconsist 
with Uiigth ; and that our object will be beat attained ii 
furnace by a succesHion of flames, or jets of flam?, with j 
/hoi combustion, rather than by the length of any c 
of ilame, which we have seen is the accompaniment of t 
perjict comhustion. 

Having pointed out the di sail vantages of introducing the a 
at the bridge, or at any one place, our aim should I 
extend and increase the number of places for its admisa 
that it may effect the following purposes :— First, p 
ing any undue heat or expansion of the gases in s 
locality ; and aecondly, extending the benefit of the h^ 
derived from the direct combustion of the gaseous matter,! 
aa large a portion of the boiler plates as may be compatib 
with complete diffusion — with the required fompera^M* 
the cmiecuti'ce character of the procosaes of combustion. 

With these conaidorationa, it only remains to refer to £ 
diagrams Nos. 9 and 10 for the mode by which these pui 
poaes may be effected. Any modification of the plan 1: 
Bnggested will answer, provided the principle be ( 
out, of introducing the air by way of jelSf or by i 
orifices, for the sake of securing enlarged surfaces ; 
perfect combustion. In the furnaces of land boilers this 
Bystem of diffusion-tubes will always be found practicable. 
In those of marine boilers, however, where the flues are 
necessarily confined and narrow, the following arrangements 
will be found adequate to the required purposes: see annexed 
figures 60 and 51. 
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In these figures, a represents the air c!ianibcrM ; f tlio 

fines ; d d the diffusion plates, with their numerous orifices 

for jets of air. It will here be seen, that, by extending the 

system of distribution plates along the flues to any required 

distances, the effect of perfect diffusion will 1>e accomplished, 

as by the pipes already described in diagrams Nos. 9 and 10. 



Fig. 50. 




Fig. 51. 



Water space. 




Water space. 



With the view of showing the connexion between the 
mode here suggested for the introduction of air to the 
fbmace, and the chemical conditions on which the inflam- 
nuible gases are consumed, I annex the concluding para- 
graphs of the Specification of my Patent of 1839. 

I conclude these observations as I begun, by stating, 
that I lay no claim to discovery or invention, or to any 




f view of the future of combustiou. I hare mere^ 
sought to give the science of chemistry a more enlarged agd 
practical application, — to enforce attention to the indispen ■ 
sable coHsexioQ between chemistry and the operations of 
the furnace, — and to the labyrinth of errora in which we 
inevitably become involved when we neglect ita precepts or 
deviate from its laws. 

If any dispute my chemical details or illustrations, I shall 
not fight the battle with objectors, but refer to my autho- 
rities ; on this head, though 1 might have enlarged my means 
of defence, 1 could not have added to the strength </ m; 
pOflition. I have already a boat in those whose principles 
I have endeavoured to enforce, and the rahie of whose aid 
I have sought to extend to| practical contemporaries in the 
same field. Among those I have consulted or quoted are, 
Sir Humphry Davy; Dr. Faraday and Professor Brande, 
both of the Royal Institution ; Professor Daniell, King's 
College ; Professor Graliam, University College ; Dr. Thom- 
son, University of Glasgow ; Dr. Reid, University of Edin- 
burgh ; Dr. Robert Kane, of the Itoyal Dublin Society; 
Mr. Kelland, of Cambridge ; Dr. Ure, Dr. Henry, and Dr. 
Dalton, of Manchester. Among the Continental authorities 
are, Borzelius, Dumas, Chevreul, Pelouze, Berthier, Persoz, 
Borthollet, Tbenard, and Leibig. I have taken these aa 
my guides, and I ain not aware that I have urged any 
thing in opposition to those standard authorities of the 
{H^sent day. 
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APPENDIX No. 1. 



EXTRACT 

FROM 

THE SPECIFICATION OF C. W. WILLIAMS' 

PATENT FURNACE, 

FOR EFFECTING THE COMBUSTION OF COALS ON 
TBUE CHEMICAL PRINCIPLES. 



"•.That\the above arrangements for producing the greatest 
caloriQc eflfect may be better understood, I add the following 
observations : 

*' Hitherto, in the construction of furnaces, due attention 
has not b^en paid to the chemical conditions of the forma- 
tion of smoke, and the important distinction which exists 
between the volatile and the ^xed constituents of coal, — the 
circumstances under which they give out heat, — and the 
peculiarities of their respective modes of combustion. 

"Smoke is the result of the imperfect combtistion of the 
volatile products, in consequence of their being mixed with 
either too small or too large a proportion of atmospheric air. 
Either of these circumstances, that is, too little air with a 
high, or too much air with a low temperature, causes the 
separation of the carbon from the hydrogen, and the conse- 
quent change of the carbon, from the colourless state of gase- 
ous combination, into a black, palpable, and pulverulent 
form. 

" The carburetted hydrogen gases require, as the condition 
of their combustion, first, that they be inthnateli/ hlended with 
an appropriate volume of atmospheric air, (which volume 
varies with the nature of the combustible gas ;) and, secondly^ 
that after having been so mixed with the air, the mixture be 
heated to the temperatv/re of accension, or be brought in con- 
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tact with flame ; in other words, that they be kindled i 
jet of gas is lighted on its issuing from theorifice§ofthebeak. 

" Again, as one cubic foot of carburetted hydrogen gas 
requires ttco cubic feet of oxygen, or fen cubic feet of 
atuKMpheriu air ; while one cubic foot of bi-carbu retted hy- 
drogen, or olefiant gas, requires three cubic feet of oxygon or 
fijiem of air to effect complete combustion ; these proportional 
volumes of air must be supplied, and so intitnately blended 
as to hrin^ the particlei of me eombustibU gaaes and atmo^lie- 
ric air within the uphere of ihair reciprocal chemical attraction ; 
for, otherwise, the iiiflanimable gases will not be con]j>leteIy 
saturated with oxygen, that is, tctU not be consumed; and, coD-_ 
sequently, the full caluriUc effect of the body of gaa generated^ 
tVom the coals will not be obtained. 

" Now, in ordinary furnaces, as generally constructed, tin. 
air cannot reacrh the body of gas that escapes from the tiraj 
p]a<>e into the flues, except bypaesinff through the highly it 
/mI laid upon the bars <rf the grate, whereby much of its 
gen gets aattiratcd, inert, and incapable of consuming < 
fcumnig the residuary combustible gases and fuliginous vi 
pours, to whatever intensity of heat the leriforni mixture t 
subjected. 

" The unignited gaseous mixture, in travelling throng 
the flues, loses tenmerature very fast, and deposits the eliini 
natod carlion hi tlie form of sooty smoke : thus, not onis 
mueli of the carbon, but a good deal of the hydrogen, witj 
which it was previously combined, are lost to the furnace fot'^ 
the purposes of ignition ; while some of the hydrogen, unitinfl* 
with the nitrogen, forms ammonia, a gas which, by its pr* 
sence, is eminently obstructive of the high temperature oj 
flame. 

" It will now be seen, that the construction of my fumac^ 
and the principles on which it is based, are strictly in oon-^ 
formity with the complex and purely chemical processw!! 
ftoing on in the furnace, supplying each process with the i 
means necessary to its completion, and in their proper ordir,- 
viz., 

"1. The generation of the combustible gas from eachd 
charge of fresh fuel, by the radiant heat resulting from the 
precedina charges then in a state of incandescence. 

" 2. "the supplying such gas with the quantity of oxygen 
necessary to their most perfect chemical union and combus- 
tion, and in a manner more favourable to their instantaneous 
and complete intermixture. 
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"3. The effecting this incorporation of the gas and the 
atmoepheric air, not only in the proper quantity but at the 

S roper time, that is, hefore the mixture naa paijsed into the 
uea beyond the influence of the high temperature essential 
to Ignition. 

" 4, The supplying this atraoapheric air from a source in- 
dependent of the currents iu the ashpit, thus preventing its 
coming in contact with the incandeseont earbonaceoua fuel 
on the bars, which would, in such case, have deteriorated it 
by saturating much of ita oxygen. 

" 5, The separating the two distinct portions of air re- 
spectively required for the 'oolatile and the Jiieed portions of 
tne coal, and effectually preventing any interference of the 
one with the other, which might nave disturbed or injuri- 
ously affected the operation of either, 

" Having thus described the nature of my invention, and 
the modes of carrying the same into execution, I do not 
claim the introduction of air to the bridge, which has already 
been done by others, neither the plan of increasing the cur- 
rent of air by an artificial blast, but I specially and exclu- 
sively claim as my invention, 

"1. The use, construction, and application of the per/o- 
rated air dislniutors, by which the atmospheric air is more 
immediately and intimately blended with the combustible 
gases generated in the furnace. 

" 2. The apphcation of distinct pipes or tubes by which 
the air is conducted to the ga^es at tlie bridge and flame bed, 
in whatever situation they may be placed, whore such pipes 
or tubes are the means of bringing such air to the gas inde- 
pendentlv of the air in the ashpit. 

" 3. Tne use and application of separate perforated tubes, 
tUtiated in tie ashpit, as the means of distributing uniformly 
and along the underside of the bars the air which is intended 
to be applied to the ignited fuel on them. 

" 4. The application of a current of air, artificially created 
by a fan or otner mechanical means, when in connexion with 
such pipes and air-distributors, as a means of regulating the 
quantity of air to either class of air-distributors. 

"5. The use of a moveable false bridge laid on the bars, 
by which the extent of fire surface may be increased or 
diminished." — Specifimtion drawn by C. W. Williajm <md 
revised by Dr. ifre. 




While these pages were passing through the press, the 
Monthly Abstract of the Proceedings of me Inatitutioa of 
Civil Engineers has been issued. At page 62 I find a copi- 
ous abstract of a paper read to the Institution, " On tne 
Properties and Chemical Constituents of Coal." 

This paper having been deemed worthy of so detailed a 
notice by the Council of the Institution, and containing much 
iaterestiog matter touching the subject of the precedmg ob- 
servations ; and as it corroborates, m many respects, what I 
have been urging, I have here inserted it. As, however, it 
contains several chemical errors on the subject of the com- 
bustion of the gases, I had prepared some observations id 
reply : but, having taken the Oiimion of a very competent 
authority, Dr. Robert Kane, of the Royal Dublin SooieQ-. 
I have given that Professor's opinion and observations la 
preference to my own, 

I cannot here avoid expressing my surprise, that Mr, 
Hood should have overlooked the ohemiual inconsistency of 
supposing, that the ignition and combustion of the hydro- 
carbon gases wore, in any way, connected with the bringing 
them into contipiity with " the mass of incandescent fuel, 
or that this could lead to economy of fuel or the " comhaA>] 
tion of smoke." Dr. Kane's observations are conclusive 
this head : they ate as follows ; 

"In reply to your inquiries re^eotiag the details in Mr. Hood's 
paper, presented to the InBtitution of Civil En^oeers, 1 have to obscrTe, 
that liere are several incdnBistencies in it, a few of which I will point 
■<mi. Vast, the light oarbnretted bydi-ogen is not atnong tha fint pro- 
dncts of the distillation of cool ; but is fonued, on the contrary, only 
when the volatile roain-oils and the olefiant gaa (which are, in reality, 
the first prodncts) are decomposed by sweeping over the ignited sur&ce 
of cool, or metal of the retort, or its contents. 

" YHien olefiant gas is passed throu^ tubes heated to bright rednesa, 
tt deponts half its carbon, and, without changing its 'volume, is con- 
verted into light carburetted hydrogen. )f it b« frequently passed 
backward and forward through the tube, it depoBita all its oarbon, and 
the residual gas (the volume of which iB dovltti) is found to be pur* 
hydrogen. 
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" Tbe protlurtti of ihe dislUUtiaii of coal !»&}■ be arranged uccording 
to tUe teuiperaturu at wliJuh Ihiiy may be priiduc^d, as follawa : 

Ist. Lowest temperature. Solids, ae aaptli&lme, solid reftioa, and 

liuida with high boiling pointa. 
2d, or next temperature, Fluids which ore very volatile. 
3d stage, Olefiant gaa. 

4th stage, higiit carburetted h/drogea gas. 

6th, or highest temperature, Ilydru^ou gas. 

" in praotiM, however, the results of two or three stages are alway* 
mixed together. 

"2d. Light carburetted hydrogen is aiore difienU to inflame than 
oleifiaiit gas (Mr. Hood's paper states the reverse.) Davy has fultj 
proved this ; and I liave verified his result, that a mixture uf air and 
olefiont gas will explode at a temperature thai will not produce action 
on a mixture of air and light carburetted hydrogen. 

" 3d. Tbe heat produced by olefiant gas, in burning, is greater than 
that produced by the combustion of the lanw vdumi of Ught carburetted 
hydrogen in the proportion of 27 to 18. Tbe weielilB are then, however, 
as their specific gravities ; that is, as 9S is to 56. If we plunge a piece of 
bli^t red charcoal, or a bright red iron rod, into a mixture of olefiant 
gaa »nd air, it will explode j hut we may immerse the charcoal and iron, 
wkiU hot, into a mixture of light carburetted hydrogen without any 
danger. The whole use of the safety lamp depends on this. 

" 4tb. Mr. Hood is quite in error respecting the source of the asoen- 
tional power of gas and its law. It has nothing to do with the law of 
trang»U diffiaiim into space, with which ho has confounded it. 

" fith. He is also wrong respaeting the source of tbe great beating 
powers of the resin fuel. The idea of an increased di'aught from the 
quantity of tapour fanaed is also quite incorrect. 

" 6th. There is nothing gained by tbe production of a gas requiring less 
oxygen (as Mr. Hood supposes) than olefiant gas does, for there would 
then be less heat produced. Thequantity of heat evolved in the burning 
of any body is proportional to the quoutity of oxygen absorbed, and it is 
hence the interest of the operator to use tantuk oxt/gen aipoinlif instead 
of the reverse. With r^ard to the law of the quantity of heat evolved 
being proportional to the ijuaulity of oxygen consumed, the following 
extract, from tbe article ' Combustion,' in my ' Elements of Chemistry, 
(now in the press,) will be sufhcient to explain it. 

"■The determination of tbe quantity of heat produced during the 
conbostion of a given quantity of a combustible substance is a preblem 
of great importance in the arts, aa on it depends the economic value of 
all varieties of fuel. Tbe plan generally followed has been to burn the 
substance, by means of tbe smaUest quantity of air which is sufficient, in 
a vessel surrounded, as far as possible, with water. 

*"If it befound, that the burning ajxmnd o/wooii heats 37 pounds of 
water from 32" to 212°, no idea can bu thereby formed of the quantity 
of heat evolved. But if, in another trial, it be found, that the burning 
of a pound uj diunMoJ raises the temperature of 74 pounds of water 
through the same range, it follows, that the duircoat has double tbe 
calorific power of the mivd. True relatits nnmbers can thna be obtained, 
although they have, independently, no positivo signification. 

"'The results obtMned in this way, by various experimentora, have 
heen exceedingly diacordant ; but, by the late researches of Deepretz 
and of Bull, a vary interesting rule has been obtained. It is, tliat In all 
cssas of combustion, tbe qumitity of heat evolved is proportional to the 
qnantity of oxygen which enters into combination. 



" ' Thua Despr^tz fuuiid tliat there are heated from 3S° 
1 Si. of oxygan, uniting witU hydrogen, 39^ lbs. o 
i „ „ „ charcoal, 29 „ 

1 H „ „ alcohol, 28 „ 

Inn n ether, 28j „ .. 

givins, u a mean, 3S] lbs. as the quautit^r of water heated from 33* lo* 
312° hy the host evolved id the combination of one ]>ound of oxjgeu. 
*" Thia rule, however, ta liuble tu Borne very onriouB changee,' &c. &c. 

« ROBERT KANE. 
" lioboroMy oftht AfoUueariti' HaU, DttiUn, 
Sept. 4, 1840. 



" To C. W. WilliamB, Eaq, Liverpool." 






RElHABKi ON THE MeTUODS Of InCBEABIHO ITS C'a1.0B[F1C EFFECT 
AND PhEVENTIMU TBE Lo8B irUICIl OCCUBB DUHINO ITS CoMBUS- 

Tios." Bv CiiAnLEsUoOl), F.R.A.8.&.O. Eitratted from the Train- 

oottoM of the fiulilMtwii o/Cica Eiufinan. 

The author coneiders his aubjeot under three heads :— First, the 
chemical character and composition of coo! ; secondly, its properties oi 
a oombustibte ; and, thirdly, the nature and appUiMition of its various 
gnleou B produc ta. 

IbI. The opinion, that coat is a compound of carbon and bitumen, 
has been objected to by some chemists, on the ground, that, by no prO' 
oesa hitherto pursued in analysis, has it been possible to resolve it n- 
Mrely into tbese two suhslancea. Even at a loir temperature, a iinantity 
of gaseous matter is thrown olf ; and, at an elevated degree of heat, an 
evident dccompuaition of the bitumen takes place. Even anthracite 
contiuns a small portion of volatile matter, ita component partji being 
carbon, oxygen, hydrogen, and nitrogen, the hydrogen bein^ either com- 
bined with the oxygen, to form water, or with a small portion of carbon, 
toform carburutted hydrogen, which exists, in a gaseous state, in tbe 
pores of the coal. In bituminons coal, the hydrogen is combined with 
a larger proportion of oxygen and nitrogen, the mechanical difference 
being, that the bituminous and free-burning coals (more particularly) 
melt by heat when the bitumen reaches the boiling pDint,_ whereas an- 
thracite is not fusible, nor will it change its form, until it is exposed to 
a much higher degree of temperature. 

Two tables of the analyses of different coals are ^ven (ram the 
authorities of Musbet, Thomson, Tanusem, Daniells, ijre, nnd Rey- 
nault. No. 1 showing the proportions of oarbon, aahes, and volatiie 
matter, with the speciSc gravity of the coal and of the coke ; and No. 
2 showing the proportions of carbon, hydrogen, azuto, and oxygon. 
These tables show, that tbe largest quantity of carbon (92'BJ} is con- 
tained in the Kilkenny anthracite, and the least quantity (Ii4'72) in cannel 
coal ; and that the nature of the volatile matter greatly affects the 
quantity of coke — the aggregate quantity of the gaseous products of 
coMoe, splint, aud cherry coal being very nearly similar ; while the 
quantity of coke obtained from these different species varies mora tl 
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[6 anthor thtn points out tlie continual presents of nsott?, which 

I qntts the baae with the greateat difficulty ; and atao the affinity of eul- 
plinr, not onl; for the conl, but for the ooke, as it i« rarely fouod to have 

I been compleloly expelled uveu from the most perfectly made c«ke ; the 
only coal fonod to be even portially free from it being anthracite, in 
aome apecios of which no traces of its presence are fonnd. 

Sdly- The application of coal as fuel dependson the chemical chanKs 
whioh it undergoes in uniting by the agency of heat with some body 
for which it posscBses a powerful afiiuity. In all ordinary cases Ihu 
effect is produced by its union with oxyeen. When cool is entirely 
eonsamed, the carbon is wholly converted into carbonic acid gas and 
carbonic oxide, and the hydrogen into woter in a state of vapour, 'fho 
atmoephere supplies the nureasary oxygen for this purpose ; and in this 
state the products of the combination are nearly or quite invisible, botJi 
«f them being almost colourless fluids : if, therefore, any smoke be 
visible, it is the result of imperfect combustion. Some calculations are 

I gleeo to ascertain the amount uf loss that is sustained when the smolia 
escapes unconsumed ; from which it appears, tliat with bituminous 
coal about 37 or 38 per cent, mare heat is produced when the amolce is 
ttonmmed than when it escapes freely. 

Many modes of consuming smoke have been attempted : those 
which appear to have been attended with the greatest success are, 
— 1st. Causing the smoke from the fresh coals to pass through or 
oner that portion of the fuel which is more perfectly ignited ; 2dly, 
Supplying healfd air to the top of the fiiel, as well as amnitting coll 
air tlm)ugh the ashpit in the usual manner ; and, 3dly, Thrawing 
a jet of tttram into Uie furnace or into the chimoey. The various 
modea of carrring into effect these plans are briefly alluded to : from 
them a few may be selected. Robertson's plan was to nse inclined 
f^imace bars, where the fresh coals were placed olose to the fire-door, 
and, being there partially carbonized, gave out the gas which, in parsing 
mer the man of iiieandeicc«t fitd, mat ignUed, and became' active fiam^ 

' thns ecoBomisifk; fatl and prentntisg mnoJa. In this and similar 
cases, by the slow distillation of the coal, a gas is produced, which not 
only inflames at a laaer temperature than the dense oli^fiaiiC gas pro- 
dai^ by rapid distillation, but which only requires for its combustion a 
quantity of oxygen, never exceeding double its own volume, or ten 
times its bulk of atmospheric air, while oietiant gas requires three times 
its own volume of oxygen, or fifteen times its bulk of atmospheric air. 
The elimination of a gas which bnms with so tmaU a portion of oxygen 
is, therefore, the principal cause of the non-productiun of smoke in 
Aimaces of this description. 

The second mode ot oonauming smoke is founded on the neces- 
sity which exists for a large supply of air being reqnisisc to inflame 
the gases )jiven off from coal ijy a rapid aod intense heat ; and this 
is accomplished by introducing a quantity of heated air above the 
burning fuel, "Wlien a quantity of fuel is thrown into a furnace, 
the increased thickness of the mass opposes additional resistance 
to the passage of air throngh the bars; the temperature of the furnace 
is lowered, and an increased volume of gas is, at the same time, given out. 
If, at this moment, a quantity of air, heated to the temperature of the 

e, be admitted, the gas immediately inflames, and that which would 
•e produced a dense black smoke parses off in the invisible slate of 
carbonic acid gas and vapour of water. Different gases require differ- 
ent degrees of heat to inflame them ; and this explains the eaig combni- 
libility of the volatile products uf coal when the heat 19 so managed as tu 
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[iradure those fpaea which inflame at the taitat lemporHture. A iarger 

aUKHtity of uir a required at the lime tlut thd cual in lint tkruwn on 
lan at a subsequent period ; therefore, wbeu ecouoin; Is studied, tba 
supply of air Hhould be gradultU; diminished aa the loass approaches 
tux incaadeaceut atate. The use of heated air haa praJuced mofit impor- 
laut results in the mnnafocture of irua with bituminous coal, and also 
with anthracite; the latter fuel having beeu alinoHt neglected until the 
roeent applicalioD of this principle of employing heated air to promote its 
combustion, al til ough it is known to be capable of producing, perhaps, a 
more intense heat than any other corboiuweous fuel. 

Therationoleof the third plan, of consuming smoke by injecting a jet 
of steam into the lire or the chimDBj, is less obvious than the others. In 
IBOG, Mr. Davies Gilbert observed, that whenever the waste steam of one 
of Mr. Trevithiok's engines was permitted to escape into the chimney, the 
smohe from the coal was rendered iavuiUi. Subsequent esperimentt 
coaGrmed this fact ; and it was supposed, that the steam, being decom- 
posed, furnished oxygen to support combustiou. Tne author combats 
thiB opinion, and accounts fur the effect by the increased disnght 
of the furnace caused by the jet of steam into the chimney, by which 
means a larger portion of air la brought into contact with the bnrning 
fuel i lliUB supplying the previous deficiency of oxygen to the fire, 
and promoting the combustion. As steam is only about half the 
weight of ur at a liku temperataro, and the power of all gaseous 
flui^ to ascend is " intentlii as the square roots of their specific 
gravities," the velocity of its escape by the chimney, compared 
with common air of ttte same temperature, is about as 1-4 to 1 ; 
therefore, the e</uaniv»d mi^vn of itniNi, air, and Cdrbosis arid 
gat wiU, aoape milk a eaiuidfraU^ ineriOKd tvlooily, and more air 
must, conseuuentty, enter tlie furnace. It appeani that about tau 
per cent, of the lotal quantity of steam guuerated is neoeasary to 
effect the combustion of the smoke by this means ; therefore, unless 
the wast« steam only be used, the saving of the fuid must be re- 
duced by this amount. 

Brief mention is mode of the experiments of Messrs. Apsley, 
Pellatt, Parkes, and the Chevalier de Pambour, proving that a 
given quantity of ovan coke will produce as much heat as the 
coal from which it was produced ; and of the various kinds of arU- 
licial fuels which have been invented, especially tliat composed of 
rMin and peat aike, of which the author remorka, that its com- 
bustiou probably produces a mechanical effect, as the hydrogen is 
converted into water in a state of vapour, which escapes through the 
chimney with a great velocity, and, consequently, a large qnantity of air 
is drawn into the furnace, and a more perfect combuation of the fuel is 
the result. In the same manner he occounts for the necessity which 
exists for having the openings between the bars wider in a furnace in 
which coke is bnmed than in one used for coal. In opposition to the 
general opinion, he considers that less air is required for the consump- 
tion of coke than for coal ; the carbon only requiring 34 times Its weight 
of oxygen for its combustion, while the hydrt^n contained in coal 
requires 6 times its weight of oxygen : and the only reason that the 
openings between the Imrs are required to be wider m the former than 
in the latter case, is in oonsequence of the draught being so much slower 
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author traces the application of carburetted hydrogen gas to the pur- 
poses of artificial illumination from the year 1798, when its first success- 
ful application was made by Murdock, at Soho : he then proceeds to Dr. 
Henry's investigations of the phenomena of its production and combus- 
tion ; the variation of the intensity of light obtained from carburetted 
hydrogen, due to the proportion m carbon contained in it ; the differ- 
ence in the gas obtained fit>m difiBrent qualities of coal ; the superioritT 
of the illuminating power of the gas from cannel coal ; and the still 
greater power of that produced from the decomposition of oil, which is 2 
to 24 times greater than that of coal gas. He then mentions the other 
products of coal by distillation, such as ammoniacal liquor, carbonic acid 
and oxide, sulphuretted hydrc^n, tar, essential oil, naptha, i»etroleum, 
asphaltum, ana other substances. The paper concludes by pointing out 
the advantages which would result from the production of^such gas as is 
usually given out at the beginning of the distillation of coal, as it con- 
tains two volumes of gaseous carbon united with two volumes of 
hydrogen, and its illumiiuiting power is, consequently, more than double 
that of ordinary coal gas. 



ERRATA. 

Page 9, line 2ffor*^ the measure/' read " the adopted measure." 

Page 49, lines 9, 10, and 11 from bottom,/or**atome," read " volume." 

Vol. AtoiM, Weight, Vol. Atom, Weight. 
Page 60, line 6,/or 1 2 22, read 1 1 22 
Page 62, lino 1 1, for " oxygen," read ** carbon." 
Page 73, line 7 from the bottom, /or "page 2," read " page 162." 
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